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CHAPTER 1 


INTRODUCTION 


1. l Civil Aviation Growth 

The impact of civil aviation growth on the environment is evident in 

the public concern regarding noise, air pollution, esthetics and ecological 

disturbances. Of these effects noise is judged to be one of the most important 

and a critical constraint to the future growth of civil aviation. This co nstraint 

is already manifested in the inability to site and construct new airports or 

expand an existing airport facility in locations required to meet de:nand a nd in 

the reduction of existing airport capocities by noi se restrictions a nd ope ra t ior.a! 

limitations. Public pressure is increasing daily against the airlines, aircraft 

manufacturers, and local airport au thoriti e s to reduce aircraft-ge nerated noise 

in airport communities. This increasing awareness and pressure can be expeci"ed 

at the very time these operations should increase significantly to meet the growing 

travel and transportation demands. The dee ision-making process in a democ rat ic 

society as applied to the site selection of a new airport or further developme11 t 

of an existing airport operations is a complex task. Its complex ity arises from 

the many conflicting ' and inl·e rfering factors which govern the design objec t'ives 

of the airport and the site. The final selection of the site is therefore, ideallv I~ 

flnding an optimum solution, bringing all these factors into account such as 

construe ti on costs, env ironmenta I impact, surface access, rura I land use, urban-·· 

ization, o peration of airli nes, etc. 
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1.2 Objeci"ives - Scope of the Study 

This study deals with applied research in the field of environmental 

noise problems, specifically the measuring of noise patterns near Mount Hope 

Airport originating from subsonic conventional takeoff and landing aircraft (CTOL) 

using the present runway facilities. 

The results and conclusions presented in this study hopefully will assist 

urban planners, both at the local and federal level, in planning zoning regula tions, 

establishing noise standards and assessing the severity of aircraft noise on the 

airport community due to the proposed expansion of the airport to a regional 

airport. 

Based on actual measurements the results have been analyzed and 

reduced to simple contour lines. This study is neither intended to be a noise 

certification of a pa rticular aircraft, nor a noise survey due to the operations 

of a particular commercial aircarrier. 

An attempt has also been made in this report to relate the concept of 

community noise m the vie inity of the airport to spec iflc runway configurations, 

traffic density and patterns and to provide a comparison between the noise levels 

due to f'he existing operations and those which may result due to the proposed 

expansion. 

l'f should be noted that all the earlier report's [l], [2], [3J including that 

given by the Ministry of Transport were based on sound surveys carried out in 

the U.S.A. These sound surveys were then computerized for different types of 

aircraft, traffic densities, ek. ond the computer prr::;grams applied directly to 

the runway configurations for the proposed expansion of Mount Hope Airport 
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to provide estimated sound contours. The present study, on the other hand, 

contains actual measurements taken at Mount Hope Airport. 

An experimental investigation has also been carried out to correlate 

the calculated PNL in PNdB and the simple dB(A) measured directly by a 

sound level meter for both cases takeoff and landing. 

Several computer programs were also devi sed which enables a very 

complex and compl e te analysis of sound contours to be constructed for an 

airport model. 
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CHAPTER 2 

PHYSICAL EVALUATION OF AIRCRAFT NOISE LEVEL 

2 ~ 1 	 I ntroduc ti on 

Acoustic noise is defined as any undesired sound and sound is, physica!ly 

speaking, mechanical vibrations in gaseous, I iquid or sol id media. Such vibrations 

are characterized by their frequency, their amplitude and their phase. 

Not all mechanical vibrations can be perceived by the hearing mechanism 

of i·he human ear e Firstly / the vibrations have to be of a certa::i magnitude to 

be audible and secondly ihe freqL•ency has to be within certain limits . Audible 

vibrnficns are found within a cerloin magnitude versus frequency region, call ed 

the hearing range. This region varies from person to person and will olso depe nd 

on the persons age, possible hearing loss, physiological cunditions 1 etc. 

The lowest frequency of sound that has a pitch-like quality is a bout 20 

Hz and the upper frequency audible to the average aduir j5 about l 0, 000 Hz, 

however, typical frequericy limits of the ear could be as low as 2Hz cmd wit·h 

an upper frequency of about 20, 000 Hz. The simples~ vibration is a pure tone 

which consists of a sinusoid, bu1· most sounJ~ rn 1~t wit-hin dail)' life are not purely 

sinusoidal vibrations. Very often they vary with time, both in frequenc y and 

amplitude C1nd sin1ple mathernaticaf refationship5 be tvveen 1·he various charac teri st ic 

values do not exist for such complex signals. 

2.2 	 The Physical Level S...:aie fo r Noise. The Dec!br--i. 

The quantity nor:i;o l!y measu re ~ when dealing wi-rh ocou ~Jk noise is the 
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RMS sound pressure because it has a direct relationship to the energy content 

of 	the signal over a certain period or increment. Because the weakest sound 

pressure trot is perceived by a person is a very small quantity, use has 

convenieni·ly been made of the CGS-system in scaling sound pressures. Thus, 

as 	the sound pressure is the force per unit area caused by the sound wave the 

unit is dyne/cm2 = microbar (µ bar). 

Now, even though the weakest sound pressure perceived as sound is 

a small quantity, the range of sound pressure perceived as sound is extrerne!y 

large. The weakest sound pressure to be detected by an average person at 

1, 000 ,Hz has been found to be 0. 0002 µbar (2 x 10-S Newton/rn2). On the 

other hand, the largest sound pressure perceived without pain is of the order of 

l , 000 ll bar, i.e. the sea I e of sound pressures covers a dynarn ic range of 

approx imai·e ly l , 000, 000: l • The use of the ur.it of 11 bars to measure sound 

pressure is obviously not very convenient because of the length of scale. It 

is also a fact that the hearing mechanism responds to changes in sound pressures 

in a relative rather than in an absolute manner. Therefore it was found more 

convenient and practical to use a relative scale of sound pressure than the 

absolute scale. Such a scalf~ is the decibel scale (dB-scale). The decibel is 

* defined as ten times the logarithm to the base ten of the ratio between two 

quantities of power. As the sound power is re lated to the square of the sound 

pressure, a convenient scale for sound (noise) measurement was defined os: 

* 	 In ihi: stud)' the base 10 will be used for all rhe logarithms unless otherwi se 
spec ifi'-:;d. 
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Sound Pressure Level (SPL) = l 0 log ( _PPo) 2 d6 (2, 1) 

or SPL = 20 log GJ dB (2 .2) 

Where P is the sound pressure being measured and Po is a reference 

sound pressure, normally taken to be 000002 µ bar. The term level as shown 

in equat ion (2. 1) indicates that the given quantity has a certain level above a 

certain reference quantity. 

In this study the reference RMS pressure of 0. 0002 µ bar wi 11 be used 

as the reference value Po in sound pressure measurements, unless otherwise 

indicated. 

2 .. 3 Frequency Content of Noise 

A pure tone resu lting from a surface vibra t ing in simple harmonic 

motion has the form of a sine wave. In practice noise contains many different 

frequencies and the waveform departs from that of the pure tone . Little can be 

gained from detailed study of the waveform, except in very special circumstances, 

but a great deal can be learned about the likely effects of a noise from a 

frequency analysis of the noise.. Means are avai Iable for measuring the frequency 

conten1· of a noise and assessing the contributions of the different parts of the 

frequency scale towards the over-all sound level. Frequency selective fllters are 

used, each filter responding only to one part of the frequency scale. For 

example, one may choose a fil te r wh ich respond$ only to sound in the frequency 

band 56 to 71 Hz and the next· band wi II respond to fr equenc ie.s in i·he ronge 

71 f'o 90 Hz~ Thus the whole frequency scale cart be divided into separat·e 
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bands, one band cutHng off as the next band takes over. For example, 

an octave bcmd analysis has been found suitable in some applications such as 

no$se control in machine shops, measurement of noise emitted by machine tools, 

ratings of sound insulating materials, etc. The cent re frequency of one octave 

band is, by definition, one half that of the centre frequency of the band above 

.f. 
I ~ • For finer analysis 1 as in aircraft noise measurement, one third octave band 

analysis is very often used, and for certain applications even discrete frequency 

analyses cou Id be made. 

The frequency specifications for band filters have been standardized by 

the ISO and are shown on Figure 2. 1. 

A frequency analysis has the advantage of indicating the frequency 

content or character of a noise and because of the variation in the sensitivity 

of the ear at different frequencies, such a knowledge is necessary to estimate 

the subjective effects of a particular noise. 

r 
'/ 2 A Frequency - Weighting Curves 

~~~~~~---~~~~~~~~~ 

Since the respon~.e of !-he human ear va ries with both frequency and 

inte ns ity there are certain difficulties in obtaining direct measurements with 

instrument'.> which wi!i give Information as to the human perception of the noise 

mder examination. The simplest solution is to prod uce an inst rument with 

cha racteristics ~imilar to those of the human ear. These characteristics are 

obtained by usin~J frequency-weighting curves and they modify the frequency 

re sponse cf the instrum e nt in such a way as to resemble the response of the ear 

in an approximate k1rm. The se we ighting curves are termed A1 B, C and D. 
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. 1 	 The frequencies preferred. for acoustical measurements are given in the table below. The 
type of printing indicates the degree of preference. 

2 	 The tabl? may be extended indefinitely in either direction by S'.lccessive multiplication or 
division by 1000. In other words, the frequencies in the table may be taken if required, 
as millihertz (mHz), kilohertz (kHz), megahertz (MHz), etc. 

J 	 In case octave intervals are desired, the preferred frequencies are 500, lQOO, 2000 Hz (c/s), 
etc., as indicated by crosses in the octave column. If the intervals are 1/2 or 1/3 octave, 
the preferred frequencies are those indicated by crosses in the appropriate column. 

RANGE OF APPLICATION OF FREQUE~CIES 

When e!ectro~acoustical devices are to be constructed, or when data are to be given at 
discrete frequencies, these discrete frequencies should be selected from tht: table in accordance 
with the particular intaval chosen. 

In the case of bandpass filters or bands of sound, the frequencies listed in the table should 
be the geometric centre frequencies of the bands. 

TABLE OF PREFERRED FREQUENCIES JN HERTZ (c/s) FOR ACOUSTICAL MEASUREMENTS 

AND FOR GEOMETRIC CENTRE FREQUENCIES OF FILTER PASS BANDS 

Prderred 1/1 	 ! 1/2 I li3 II Preferred 11/1 ~ 1/2 1/3 11 Prefe~d 11/l 1/2 1/3
frequencitt oct. 	 I oct. ! oct. fre-quencin oct. · oct. oct. I lreq~es oct. oct. ' oct. 

16 x[' x x 160 I :--·~ _ 16~~:--'-x_ 
18 I 

1 

!BO ! x l~I ' 
:====2--:.-:---...... i:-x--x-ll·--:00-24-·--='.	 _--:r-_-_-_- - ,	 : ~~_LJ x 

25 I x 250 x ! x : x ~ __L i ~< 
l-·-2-8_......,t---- ,r·-- ; 280 1--!--I- 281',X) :-;.-·­

i ·---- ---·---------­

•__3_1_.s_-+-_x_1_x_·_x_ ___3_1_s-f__ x 3!50 	 x 

---J-:-~---1----X-
1 

---;-:-+---; 
1 

X 4~~;j--;/-X-.--X-­X 

1-------t----! -- ---- --,---­
45 I x 450 I 	 4500 : 

---·--+----------11--"------ ----·--11------1---·----­
I x x x 500J I X50 	 x 500I 

------1---- -------11------1---- ------ -----t-------­
56 560 5600 I x 

·------l-·--·-------11·------+--------- ------1--------·­
--~~4-~-:~-x-11--6_3_0_1--_; ___x_____63_00_--i--- '.----~-

11 +-: ii 710 I X 7100 j 

----s-o , x-J_-~-~~8=00==1-·===----x______ __1-__<_i--x_-_-_-___-~--- soo_o ~ __ x

,- 90 I x ' II 900 I 9000 ! 
-;-r 1o~o; x. ;--x-­·--1-00--~--- ,-: x --- --x-

11--1-0C(X)--1--..­--,-----,--1120- 112 ,--l-- __1_1_2_00--1----i-x-,-­

--125 - -~-; --;------;- --- 1250 - ; ; X I 12 5\XJ ! X 

·--;---,-·oor------11 
140 !-------1, 14~~-·~-·--.--14CXXJ_f--: ______ 

___160 -~~---- x u 1600 -k~'____ x !I 16 ooo x _ .L_:~.~__:_.:_.J 

Flge(2~1) 

P1i·om Reference {8) 
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Each of the curves A, B and C were originally used for a particular range of 

SPL. However, the A-weighting curve is now by far the most widely used. 

The D curve has recently been introduced for measuring jet aircraft noise. 

Measurement results are usually reported in the form dB(A) with the weighting 

scale used shown in brackets. Figure 2.2 illustrates the four frequency 

weighting curves. 

Perceived Noisiness (Annoyance) 

The perceived loudness of pure tones of differing frequencies and 

intensities has been studied quite extensively and is we! I understood~ However, 

it has been recognized that an accurate determination of the judged loudness 

of a complex noise signal such as produced by jet aircraft is somewhat more 

difficulL Although the use of a sound level meter (SLM) with, say, the A-

weighting network, provides a reasonably good approximation it must be 

recogni.zed that the shape of the frequency-response curves as shown on Figure 

2.2 vory w!th intensity and also, th:Jt these curves have been based on 

ps}'choacousticcl s1·udies involving the use of pure tone only. 

In an effort to establish a method of determining the perceived 

loudness of complex noise signals, researchers have turned to an analysis of 

the signal in terms of the SP L's in each ocf-ave or one- third octave band. 

Two significant studies have been conducted in this regard, by Stevens in 

1956 [SJ and by Kryter in 1959f6J. 

V ( The KrytCi· sfudy, which resulted in the definition of the perceived 

noise de ci bel unit (Pl'JdB) is of more interest with respect to aircraft noise. 
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The results and the method developed in 1959 by Kryter were refined and 

modified in 1963 [l]. This method along with various restrictions and 

extensions, has been internationally recommended by the I. S. 0. Recomme ndations 

No. 507 [8] and No. Rl 761 [9]. 

The curves developed by Kryter [6] were named equal noisiness contours 

[5]
and were used in conjunction with the summation formula developed by Stevens 

for calculating the loudness of a complex sound. r~ distinguish noisiness from 

loudness, H was proposed that the subjective unit of noisiness be ca! led the 

11 noy" which parallels the use of the 11 Sone 11 for loudness. As an example a 

sound of 2 noys was said to be subjectively twice as noisy as a sound of l noy, 

4 noys was assigned to the sound four times as noisy a. a sound of l noy, etc. 

The 11 noy' 1 was defined as the noisine.ss of the one-third octave band or full 
\...... 

octave band centred at l, 000 Hz and having a SPL of 40 dB. The resulti ng 

0

sec.le of no siness illust rated in Figure 2.4, is somewhat analogo us to t~.e equal 

loudness scale for pure tones as illustrated in Figure 2.3o 

Kry·ter's rr:ef·hod for determining the PNdB unit for a particular noise 

signal involved the determination of the SP~s for each octave or o ne-thi rd octave 

band. Noy values for each band were then determined from Figure 2 .4 or an 

equivaient table of values. (See Figure A.1 in Appendix A). Finally, these 

individual noy values were combined by means of a summation equcHon to a 

quantity known as the total perceived noisiness which was then c.onverted to a 

PNdB unit. 

It should be noted t ha t t he equations and t he corrections appli ed to 

arrive at the final PNdB value wil l be prcscnred in greater dei·ail in Chapter 4. 

http:noisine.ss
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2.6 Further Developments in the Perceived Noisiness Concept 

Measurements taken during an aircraft flypast may be analyzed to 

determine the maximum PNdB value at a certain location. The resulting 

number is then a measurement of the maximum noisiness reaching that point, 

with due consideration for sound intensity and the variable response of the 

human ear to the various frequency components of the noise. However, it 

should be pointed out that certain subjectively annoying elements of the sound 

event have not been considered in calculating the PNdB values. Psychoacoustical 

experimentation has indicated that the addition of relatively high concentrations 

of energy in narrow bands to the overa II broad band spectrum produces high 

value of "perceived noisiness" when compared to a similar broad band 5pectrurn 

having the same overol I energy level (without the high concentrations). 

For this purpose, correction factors were developed by researchers and 

applied to the measured SPL in the various bands i·hat exceed adjacent band 

levels. 

In addition to this, further studies have led to the development of the 

effective perceived noise in decibels (EP~--ldB) which takes into account the 

durai"ion of the noise and the shape of the time history of flypast noise. A 

more detailed treatment of this analysis will be presented in Chapter 4. 

2.7 Recent Deve lopments in Aircraft Noise Annoyance Rating Systems 

The 	above mentioned units relate to the measurement of the noisiness 

r 
or annoy·ance cf an individual aircraft flypast. 1 However, community dis1·urbance 

J 

resulting from aircrGft noise must include the effects of numerous ol·hcr factors 

such as 1·he number of ai rcraft movemems and the time of day at which the y 
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occur. The noise exposure forecast (NEF) system as discussed in Chapter 5 

included considerations of these factors. 
1 

It should be noted that the NEF 

is a calculated quantity and cannot be measured directly with a sound level 

meter. 
_,,/ 
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CHAPTER 3 

MOUNT HOPE AIRPORT COMMUNITY NOISE SURVEY 

Measurements of noise due to jet aircraft on the community surrounding 

Mount Hope Airport started at the beginning of September 1972. For this 

purpose a station wagon was equipped with sound measuring and recording 

equipment. During the measurements data was recorded on magnetic tapes 

and later analyzed in the dynamics laboratory of the Department of Mechanical 

Engineering. Over 110 measuremenh were recorded at various locations, care­

fully selected to obtain as wide a coverage as possible. Of these approximately 

65 were selected for the analysis to fol low. 

The noise patterns at Mount Hope Airpor1· were recorded only for the 

takeoff and landing operations of the Boeing 737-200 series powered by 2 

* turbofan engines .. 

3., 1 Measurement Locations 

Figure 3 o l illustrates the approximate location of measurements in the 

vicinity of the airport. Forty-five measurement locations are shown on the map 

and at each one of these locations recordings were taken for both landing and 

** takeoff noise, depend ing on the runway used (06 or 24). 

* 	 Pratt and Whitney JT809 

** 	Runways are normally designated by the first 2 figures of their orientations 
according to the compo~s rose, i. e o 06 s·i·ands for 060 or 60° from the north. 
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The farthest location surveyed was about 3-1/2 miles to the south of 

the end of. runway 06 a long the centre Ii ne of the runway strip, and the farthest 

location surveyed off to the side of the runway was about 1-1/2 miles. 

It should be noted that 9 locations were located directly under the 

flight path; provided that the aircraft followed a straight line flight path during 

approach and climb-out. 

In the fol lowing paragraphs a brief discussion wil I be presented to 

illustrate the merits and advantages of some of the chosen measurement locations. 

(i) 	 Locations close to the end of the runway (less than about 1- l/2 

miles) and located off to the side of the flight path with the added 

proviso that the · elevation angle was greater than l 0 degrees: upon 

moving further from the flight path to the side, differences in 

aircraft altitude became less important in determining the total 

distance from the aircraft to the observer. At great distances to 

the side, aircraft altitude effects were negligible and as a 

consequence takeoff gross weight changes did not alter the 

perceived noise level o 

(ii) 	 Locations close to the end of the runways and situated at great 

distance off to the side with the .added proviso that the elevation 

angle was less than 10 degrees: at these locations ground 

attenuation and the terrain introduced excessive reductions 

in the perceived noise level due to absorption characteristics 

as produced by some trees, tall grass, buildings, hills, •••o etc., 

consequently, typical ground attenuation values were estimated 
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for the 	Mount Hope area. 

(iii) 	 Locations situated at great distances from aircraft flight path 

provided that the elevation angle was greater than 10°: these 

measurement locations assisted in the investigation of the 

frequency content and noise spectrum at such great distances 

in the community due to the absorption and scattering of sound 

energy by the atmosphere, and also assessing the difference 

between the PNdB and dB(A) measurements in view of the 

reduced high frequency noise components in the energy spectrum. 

3.2 Background Noise 

In selecting the measurement locations the background noise was 

considered as one of the major factors. Generally it is recommended that the 

background noise level be at least 10 dB lower than the total noise level. 

However, if the difference is between 3 to lO dB a correction factor can be 

used If the difference is less than 3 dB the measurement shou Id be rejected.o 

3.3 Acoustica l Instrumentation 

The principal instruments employed for acoustical measurements and 

laboratory analysis were standard in range and response. Very briefly the 

acoustical instrume ntation included the following: 

(a) 	 A precision sound level meter *(l) covering the frequency range 

20 to 20,000 Hz. with specified toleranceso This portable 

*(l) 	 B & K type 2203, se rial no. 209871. 



sound level meter is a highly accurate instrument designed for 

outdoor use and complies with lnterna1fonal Electro-technical 

Commission (IEC) and American Standards Association (ASA) 

requirements. 

(b) 	 An instrumentation magnetic tape recorder * (2) covering the 

frequency range 0 to l 0, 000 Hz., ± 0.5 dB at 30 ips tape 

speed and using an FM recording playback system. Signal 

to noise ratio at 30 ips was better than 44 dB. 

(c) 	 A 1/3 octave band-pass filter set *(3) designed for analysis, 

selective measurements and selection of noise signals in 1/3 

octave bands covering the frequency range 22 to 45, 000 Hz. 

(d) 	 A graphic level recorder *(4) designed for accurate recording 

of signal levels in 1'he frequency range 2 to 200, 000 Hz, the 

recorder has a frequency response of 2 to 200 Hz and 50 dB 

dynamic range. 

h. h . . . I"b * (5) d . de t 

to enable quick and accurate overall calibration of the sound 

measuring and recording equipment. The calibrator produces 

a sound pressure Ieve I of 124 dB at the microphone diaphragm, 

at a frequency of 250 Hz and has a cal ibro t ion accuracy of 

± 0.2 dB. 

( ) 	 A por a bl e 19 prec1s1on acoustic co 1 rotor , es1gne 

*(2) 	 Philips ANA- LOG 7, EL1020/07, ser ial no. 2691 
*(3) 	 B & K type 1612, ser ial no. 223202 . 
:"(4) 	 B & K type 2305, serial no. 205241. 
"""(5) 	 B & K type 4220, ser ial no. 221356. 
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(f) 	 A microphone amplifier for data reduction in the laboratory 

in conjunction with other instrumentation. 

3.4 Measurement Procedures and Techniques 

(i) 	 Effects of Reflections and Background Noise: Any object the 

physical dimer.sions of which are of the order of the wavelength 

of the sound wi 11 reflect the sound waves and thus cause a 

disturbance of the field. The amount of disturbance depends 

furthermore upon the sound reflecting properties of the object, 

its shape and the angle of the incident sound wave. Experiments 

have shown that the maximum sound reflections from a human body 

will occur in the frequency range around 400 Hz, and if the person 

operating the noise measurement equipment stands close to the 

microphone a maximum uncertainty of around 6 dB may be obf·ained 

in th is frequency range o At frequencies above 1 , 000 Hz 

approximately, reflections from the SLM may also upset the 

measured results. 

In order to minimize undesired effects of reflection 

in the course of measurements, the microphone was mounted on 

an extension connector as shown in Figure 3 .2, the operator 

position was maintained at a position of about 4 ft. from the 

microphone, the magnetic tape recorder was Iocated about 

15 fr .. away from the SLM and obstructions between the micro­

phone and the aircraft in flight were carefully avoided. 
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CAPTION TO FIGURE (3.2) 


Acoustical Instrumentations Used In Field Measurements 

1 . Condenser Microphone Fitted with Windscreen. 

2. B & K Sound Level Meter, Type 2203. 

3. Philips Instrumentation Magnetic Tape Recorder. 

4. Earphones. 

5. B & K Acoustical Calibrator, Type 4220. 



Fig.(}. 2) ACOUSTICAL INSTRUMENTATIONS USED IN FIELD MEASUREMENTS 
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Background noise was measured before each recording 

and in order to avoid further comp Iications in adding a correction 

factor for background noise, measurements were generally taken 

for locations exhibiting a level of l 0 dB iower than the 

anticipated total Ieve I. 

(ii) 	 Microphone Location and Direction: Genera I ly the frequency 

response of a microphone depends upon the angle between the 

direction of travel of the sound wave and the microphone 

diaphragm (Angle of incidence). The microphone used in 

measurements * has a calibrated linear frequency response in 

the frequence range 20 to 15,000 Hz in free field measurements 

and 0° angle of incidence. Accordingly, for measurements on 

an aircraft in flight the microphone was continuously oriented 

so that the maximum sound received arrives roughly on a o0 

angle of incidence. As a standard practice [8] the microphone 

was located approximately 4 ft. above ground level. 

(iii) 	 Field Ca Iibration: The tape recorder and the SLM were 

individuclly calibrated before each recording was taken. The 

tape recorded was calibrated and checked for the zero adjust­

ment by an internol reference signal buili· in the recording system 

while the SLM was calibrated by an external acoustical cali brator 

which produces a constant SPL of 124 dB at 250 Hz.o 

* B 	& K co::de:nse r microphone, type 4 '131, serial no. 205752. 
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The entire measuring set up including connectors, 

cables, etc., was also acoustically calibrated and a reference 

signal * was recorded at least once on each magnetic tape. 

The reference signal was used in the subsequent analysis of 

the noise recordings to adiust the zero level. 

(iv) 	 Recording: A VHF receiver was used to indicate the 

approximate location of the aircraft and the recording time 

was depende nt on the distance from the measurement location 

to the aircraft. The input attenuation to the recorder was 

kept constant while the SLM input attenuation was continuously 

adjusted in steps of 10 dB in order to obtain the best signal/ 

noise ratio and to avoid overloading the input circuits to the 

measuring equipment. It should be noted that the SLM was 

switched for ope ration "Lin 20 - 20,000 Hz" on the "fast" 

** response scale and the microphone was fitted with a windscreen 

designed and recommended for outdoor measurements. Figure 3 .2 

shows the windscreen as fitted to the microphone. 

* A pure to:;e of 250 Hz, wif'h a SPL of 124 dB (RM S) re 0. 000 µ bar. 

** B & K type UA0082 (note : Attenuat ion val ues for the windscreen were 
incl uded in the anal ysi"' a s a correction foc to r) o 



CHAPTER 4 


ANALYSIS OF NOISE MEASUREMENTS AND THE 


THEORETICAL PREDICTION OF AIRCRAFT NOISE 


4. l Gene ral 

In this chapter the necessary steps will be presented to explain how 

the measurements recorded on magnetic tapes were analyzed in order to obtain 

the EPNdB vs. distance curves. 

The EPNL due to aircraft noise has been selected as a unit for th is 

analysis since it has been adopted by both the ISO and SAE, and has been 

selected as a unit for noise certification requirements for aircraft by the FAA. 

The overall effective value of a noise environment to which a person 

is subjected will be expressed in terms of the NEF index. 

However, the basic data for determining NEF contours consisfs of 

EPNL vs. distance information for various aircraft types, along with generalized 

aircraft performance datao Thus in calculating the NEF at a specific location 

the contribution in EPNdB from each aircraft operating from each runway is 

calculated by considering the distance from the point in question to the aircraft, 

and then obtaining EPNdB values from the appropriate EPNdB vs o distance curve; 

a s represented by the equations developed in this chapter. 

I 
\ In describing the aircraft noise in the airport vicinity various methods 
..... 

may be employed depending on the ultimate use of the results and the degree 

of sophistication required . The fol low! ng paragraphs sumrnadze f·he avai Iable 

methods. 
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_(i) 	 Monitoring aircraft noise around the airport at preselected 

positions. Monitoring is understood to be a routine measure­

ment of noise levels created by the various aircraft operating 

from an airport'":" This routine involves a large number of 

measurements per day, from which an immediate indication of 

the noise level is required. Monitoring can be carried out either 

with mobile equipment, often using only a sound level meter, 

or with permanently installed equipment incorporating one or 

more microphcnes with amplifiers located at different positions 

in the field with a data transmission system linking the micro­

phones to a central recording install a 1ion. The sound Ieve ls 

measured are approximations of the perceived noise level 

in PNdB and the SLM with the A-weighting curve goes some 

way to meeting this approximate procedurY. / This practice is 
l.-­

based on the experience that for take-off noise, the difference 

between the PNdB value and the sound level as measured in 

dB(A) is roughly the same for other aircraft of the same class 

at about the same distance from the start of the take-off rol 1, 

i.e.: 

PNdB 	 ~ dB(A) + k 

where k= 	 a cons tant which depen ds on aircraft class, 

type of ope ration, dis ta nee to aircraft and 

frequency spec. t um of noise. 

(ii) 	 The secaid method is to determine the noise characteristics 

received on ground from a certain type of aircraft operating 
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under various conditions such as different loads, different 

take-off or landing profiles, etc. Then from the measured 

data sets of noise "contours'' are constructed which the 

aircraft will produce around a particular airport. When 

such noise contours are estimated for al I types of aircraft 

operating from the airport in question a more reliable 

estimate of the total noise nuisance produced in nearby 

areas may be made. The analysis of measurements in this 

case could be made in 1/3-octave bands or by the approximate 

method outlined in clause (i). 

(iii) 	 Measuring and analyzing the noise at a large number of different 

points around the airfield over a period of time and from the 

results the contours of equal levels are mapped. 

The 	 method used in this study is basically divided into two parts 

l . 	 Analysis of Actua I Measurements 

Ten measurements were selected for a detailed 1/3-octave band 

analysis and the final results obtained are EPNdB values. From 

the detailed analysis of the 10 measuremeni's two experimental 

linear equations were developed to better approximate the relation~ 

ship between PNdB and dB(A) levels for take-off and landing of 

a typical 2-engine turbofan aircraft. The approximate relations 

derived were then applied to the other 55 measurements in order 

to convert the simple 11 maxo dB(A)" levels to "maxo PNdB" val ues" 
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2. Theoretical Prediction of Aircraft Noise 

On the basis of some fundamental data and actual measure­

ments of aircraft flyover noise at a specific location, the 

noise level in different areas was estimated theoretically. 

The results of such calculations were then compared with the 

actual measurementso 

4.2 Analysis of Actual Measurements 

Figure 4. 1 ii lustrates the arrangements used for field measurements 

and laboratory analysis of the recorded acoustical data. The output from the 

tape recorder was fed to the band-pass filter set, the filtered signal was 

amplified using the amplifier stage and the signals were then displayed 

graphically on the graphic level recorder and also displayed on the oscilloscope 

screeno A photograph of the acoustical instrumentations used in laboratory 

a nalysis is shown on Figure 4.2 

The effective perceived noise levels in decibels (EPNdB) were 

calculated according to the fol lowing procedure 

*1. 	 The reference signal previously recorded on the tape during field 

calibration of the acoustical equipment was used to calibrate 

and adjust the zero level of the data reduction equipment. 

2. 	 An analysis of the recorded data was made using the method of 

"sequential filtering" and the results were recorded on a graphic, 

logarithmic level recorder Q The analysis was made using 1/3 ­

* 	 A pure tone of 250 Hz, with a SPL of 124 dB (RMS) 
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CAPTION TO FIGURE (4.2) 

Acoustical Instrumentations Used In Laboratory Analysis 

1. 	 Philips Instrumentation Magnetic Tape Recorder, Type 
ANA-LOG7, EL 1020/07. 

2. 	 B & K 1/3 Octave Band-Pass Filter Set, Type 1612. 

3. 	 B & K Frequency Analyzer and Amplifying Stage, Type 2107. 

4. 	 B & K Graphic Level Recorder, Type 2305. 

5. 	 Tektronix Storage Osc i 11 oscope, Type 564. 

6. 	 B & K Acoustical Calibrator, Type 4220. 

7. 	 Earphones. 
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octave bands and the output from each 1/3-octave fi Iter 

was recorded as a function of time. The analysis of each 

field measurement resulted in 24 charts of the flyover noise 

history for the specified centre frequency of the band from 

50 to 10,000 Hz. Figure 4.3 illustrates two examples of 

the flyover noise time history for iwo centre frequencies. 

3. The charts obtained in step 2 were then digitized using a 

* 
high-precision X-Y digitizer. The signals were logged 

every half second of the flyover time and then recorded on 

computer magnetic tapes. 

4. A computer program was developed to decode the digital data 

recorded on the tape, add instrumentation correction factors 

to the SPL (such as potentiometer adjustments, tape recorder 

response, wind screen response, etc.) and to perform the 

subsequent cal cu lat ions. 

Since the perceived noisiness was greater for sounds that 

contain within a broadband spectrum re lativeiy high concentrations 

of energy in narrow bands as discussed in Chapter 2P correction 

factors were added to the SPL of bands that exceeded adjacent 

bands. 

If any band above 400 Hz was abutted above and below by 

bands that were both less intense than the in-be1ween band, a 

* Ruscom Logic Digitizer, model 11. 
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correction was determined from the appropriate abscissa 

on Figure Ao2, Appendix A and added to the SPL of the 

. [l OJ 
respective bands • In Figure A o2 the abscissa is shown 

as LB - [ (LB- l + LB+l) where LB is the SPL in dB/2] 
of band Bo (B-1) is the abutted lower frequency band, 

(B+l) is the ab 1JHed higher frequency band. The addition 

of Ls-1 to Ls+1 is arithmetic. The tone correction graph 

could be used either for octave bands or 1/3-octave band 

analysis. The result of this step was designated the "tone­

corrected SPL'' o 

5o 	 By the use of the table shown in Figure A.3, Appendix A 

the tone-corrected sound pressure level at each time interval 

was converted to perceived noisiness values, n, in each 1/3­

octave band. The noy values, n, for a given time interval 

i were then combined using the fol lowing formula: 

Ni = n i max + F ( L: n i - n i max ) (4 • l) 

where: 
= 0.5 - sec interval of time. 

n · 1 = maximum number of noys in any one band. max 

F == 	 fractional portion dependent on bandwidth, 0.3 

for octave bands, and 0. 15 for one-third octave 

bands. 

L ni ==sum of the n.~y values in al! bands. 

Ni ;:: perceivE:d noisiness value in noyso 
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The value Ni was converted into a perceived noise level 

(PNL), expressed in PNdB rather than dB, using the following 

formula: 

PNL· 	= 40 + 10 (log Ni ) (4.2)
I 

0.30103 

The resu It of th is step was designated 11 tone-correc ted perceived 

noise level 11 
[ PNLtjJ in PNdBo 

" 6. 	 The maximum perceived noise level reached during flyover was 

then determined from the previous calculations by plotting the 

values of PNLtj versus 'time and determining the maximum value 

of the faired curve. It should be noted that the time interval 

used in th is analysis was equal to 0.508 seconds. Figure 4.4 

and Figure 4.5 i 11 ustrates typical plots of the PN Ltj versus time 

for a . take-off and landing respectively. The slant perpendicular 

distance to the aircraft flight paths were 300 ft. and 940 fUor 

take-off and landing respectively o The resu It was designated 

PNLt 	maxo 

7. 	 The total subjective effect of an aircraft flyover annoyance 

depended not o'nly on the PN Ltmaxi but also on the 1-ime history 

of the noise. To take in to account the influence of time, the 

effective perceived noise level (EPNL) was defined as the 

algebraic sum of the PNLtmax and a duration allowanceo 

The fol lowing equation was used to calculate EPNL: 

1 f 	t2 l 0 PN Lt/l 00 dtEPNL = 10 log lo (4.3) 
. t1 

Where To was a normalizing constant chosen to be 10 seconds 
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and (t2 - tl) was the time interval during which the 

instantaneous value of the PNLt was within a specified 

value (not less than 10 dB of the value of the PNLt )max 

as illustrated in Figure 4.6. 

>10 dB 

Fig.(4.6) 	 Curve illustra ting how the tone-corrected 
perceived noise level may vary with tim.e. 

The integration of Equation 4.3 was performed numerically 

using Simpson's formula. Figure B. l, Appendix B shows the 

results obtained for the take-off noise as illustrated on Figure 

4.4. In this example the PN Ltmax was found to be equal 

to 122 PNd B while the EPN L was found to be equal to 116 

EPNdB. The flyover noise in this example was integrated over 

a period of about 13 seconds (25 time intervals). 

V' 	 8. In order to establish an experi mental rela t ionship between t he 

PNdB and dB(A) scales, the dB(A) va lue was computed for ea c h 
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time interval i during the flyover o First, the instrumentation 

correction factors were added to the SPL of each 1/3-octave 

band. The frequency-weighting curve A i II ustrated earlier in 

Figure 2.2 was used to adjust the band levels. The band 

levels were then added to yield the dB(A) value at the specific 

time interval i. A similar procedure was used to compute the 

dB(D) value by the use of the frequency-weighting curve D. 

The values of [PNdB - dB(A~ [and PNdB - dB(D)] were 

also computed at each time interval and the mean values were 

estimated. The standard deviations were computed using the 

formula: 

n 2standard deviation = j l 
L: (4A)(~- X·)-µ2 

n • 1 I1= 

where: n = number of intervals. 

Xi = [ PNdB - dB(A ·or D)] at the time 

interval i. 

µ = arithmetic mean value of PNdB - dB(A Oi D) 

The preceding deta!led analysis was applied to 10 selected 

measurements and the computer program developed in this study 

to perform the analysis is included in Appendix Do 

4 o3 The Exper imental Relationshi p Uetween PNdB and dB(A) 

Inspection of the frequency spectrums produced by the specific type 

of ai rcraft surveyed showed a great dependence of the frequency content and 
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frequency distribution on two maior factors as briefly outlined below. 

/ (i) 	 Type of Operation 

Figure 4.7 and Figure 4.8 illustrates typical frequency spectrums 

at the maximum level reached during landing and take-off 

respectively. It is evident that in landing generally the 

acoustic energy is concentrated in tre higher frequency range 

while during take-off the acoustic energy exhibits less 

differences between the higher and lower frequency bands. 

The jet-engine noise is mainly generated by the roar of thev' . 

iet-exhaust 	resulting from the turbulent mixing of high velocity 

exhaust gases with the ambient air and by the turbomachinery 

noise associated with the turbulence produced by rotating 

blades within the engine. Jet-exhaust noise, being broadband, 

distributes 	the sound energy over a wide band of frequencies. 

On the other hand turbomachinery produce broadband noise, 

but in addition usually produce discrete frequency tones where 

a substantial amount of energy is concentrated The energyo 

from these sources is usually at much higher frequencies than 

tne jet-exhaust noise and the discrete frequency tones are 

heard as a wh~st!e, whine, or screech. 

Therefore, it was expected that the subjective evaluation 

of aircraft noise ronsidering the shape of the frequency spectrum, 

wi 11 be different for landing tnan that ger~erated durinfJ take- off. 
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(ii) 	 Distance between the observation point and the aircraft 

As sound is propagated through the atmosphere, its level 

progressively decreaseso The first factor producing this level 

reduction is due to the inverse- square law, which results 

from spherical divergence of sound waves and spreading the 

energy over an increasingly large surface area. This results 

v' · {,·· ~ in a 6 dB loss in sound level for each doubling of the distance 

from the source and is uniformly effective at all frequencieso 

In addition to this spreading of sound energy, there is an 

absorption of sound energy by the atmosphere. ·, For the distance 

of interest to aircraft noise this absorption effect is insignifica nt 

for noise at low frequency but it is highly significant at highe r 

frequencies. Because of this effect, a particular sound whose 

PN L is dominated by high- frequency noise near the source may 

have its PN L control led by low frequency noise at greater 

distances, where the high frequencies have been attenuated to 

a greater degree than low frequencies. Figure 4.8 and Figure 

4. 9 illustrate the frequency spectrums at the maximum PNL 

during take- off and measured at a distance approximate ly 300 ft . 

and 81 100 ft. respectively o 

The experimental resul t·s obtained from the analysis showing the PN L 

and t he corresponding dB (A) value we re plotted for both cases, take- off and 

land ing as shown on Figure 4o 10 a nd F'gure 4.11 respective ly. The experime ntal 

data were approximated by strai ght li nes using 1·he method of the least-square 
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polynomial approximation, and the linear relationship were then plotted on 

the 	diagrams. 

t/ The empirically derived relationships between the PNdB and dB(A) 

were then applied to the remainder of the noise measurements in order to 

convert the maxi mum dB(A) levels to maximum perceived noise levels in 

PNdB. The computer programs developed in this study to plot the experimental 

data and compute the least- square fit of the data are inc Iuded in Appendix D. 

It should be noted that the maximum PNL obtained by the approxima te 

method was corrected for a typical time duration as determined from experiment. 

The correction factors used are in the range from - 8dB to + 4dB and the value 

being used is de pendent on the distance between the aircraft and the observat ion 

point. 

v 
Finally, the EPN L calculated for the various measurement locations 

were then plotted versus the slant perpendicular distance in feet from the 

measurement point to the aircraft flight path taking into consideration the 

elevation angle betwe en the aircraft and the measurement point • 

./ 	4.4 Theoretical . Prediction of Aircraft Noi se 

It is possible to predict theoretically the sound levels que to the 

operation of an aircraft given some fundamental datoo In the foll ow ing a 

method of est imation is describe d whereby the noise level can be calcu la ted 

as a function of d istance to the aircraft. 

4.4. l Assumptions: 

(i) 	 The d irectiona l characteris!"ics of the noise fi eld produced by 

the aircraft are ro taticnally symmetrica Io 
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It should be noted that the radiation pattern from a moving 

jet 	is less directional than that of a stationary jet [11] & [l 2] 

The 	 estimated error from this assumption may result in noise 

levels 	of ± 3 dB depending on the location. 

(ii) 	 Altitude Variations 

Altitude variations due to different aircraft loads at the reference 

point were small. The reference point was selected at a suitable 

location so that any variation in the aircraft altitude would 

produce insignificant variation in the slant distance to the aircraft 

f Iight path Q 

(iii) 	 Atmospheric Conditions 

Calculated noise levels at the various locations are based on 

certain atmospheric conditions (59° F, 70 % R.H. and 29.,94 11 Hg) .. 

Attenuation of sound due to wind, temperature gradients, 

atmospheric turbulence and ground effect is not considered. 

(iv) Free field conditions exist for the propagation of sound waves. 

4.4.2 Procedure 

1 • 	 The noise produced by the aircraft was recorded on a magnetic 

tape and the signal was analyzed in l/3-octave bands, adjusted 

for the presence of pure tones and othe r instrumentat ion correc t ion 

factors as explained earlier. The corrected frequency spectrum, 

which corresponds to the maximum PN L, was used as a "reference 

spec trum 11 fo r further manipul a tio ns. 
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The reference point selected for estimating the reference 

data was located at about 917 ft. off to the side of the run­

way and about 1 , 500 ft. from the runway threshold. 

2. In order to estimate the noise Ieve I at the various distances, 

an increment ·of 200 ft. was used and at each increment the 

1/3-octave band levels were corrected for the spherical 

divergence of sound waves (inverse-square low) and the 

atmospheric absorption of sound energy according to the 

following formula: 

SPL1 = SPL - 20 log
0 

where: 

SPL1 = sound-pressure level in dB at a distance rl ft. 

from the source. 

SPL0 = sound-pressure level in dB at a distance r0 

ft. from the source (Note that r0 is the 

reference distance)o The point must be r0 

in the far field of the aircraft noise. 

A = Attenuai·ion due to absorption in the air, dB/ft. 

Receiver 
• (SPLo) dB 

Source 

(4.5) 

---0( SPLd dB 
Receiver 
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Figure 4.12 illustrates the attenuation dB/100 ft. versus 

1/3-octave bands centre frequency as determined from 

•
experiment 

(13] 
• 

3. The band levels were adjusted for the presence of pure tones 

or pronounced irregularities, converted to noy values and summed 

according to the procedure discussed earlier. The total noy 

values were converted to "tone-corrected PNL" in PNdBo 

4. The PNdB values were then plotted versus distance for both 

cases, take-off and landing as shown on Figure 4. 13 and 

Figure 4.14 respectively. In order to use the theoretically 

predicted PNdB values in digital computations, the predicted 

levels were approximated by a 10th degree polynomial using 

the method of least-square polynomial approximation. 

5. The PNdB values at the various distances were adjusted for 

typical time durations (obtained from experiment) in order to 

obtain the EPNdB values. Figure 4.15 and Figure 4o 16 

illustrate the predicted EPNL versus di stance for take-off and 

landing respectively. 
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CHAPTER 5 

METHOD OF DESCRIBING THE NOISE EXPOSURE ON THE 

GROUND IN THE VICINITY OF THE AIRPORT 


5.1 Construction of Effective Perceived Noise Level Contours for a 

Single Aircraft Operation 

5. 1 . l Take-off 

Figure 5. 1 ii Iustrates equal effective perceived noise Ieve I con tours 

for a typical 2-engine turbofan aircraft describing the noise field 

on the ground produced during take-off, normalized to the aircraf t 

maximum certificated take -off weight and using maximum take-off 

power. In practice the following data should be available before 

construe ting the con tour I ines. 

(i) 	 The aircraft engines power setting used during take-off and 

climb-out: the power setting may be varied during the 

opera ti on in accordance with the instructions given by the 

aircraft manufacturer or due to noise abatement procedures. 

/	 (ii) The take-off profile: The take-off profile depends on the 

power setting, aircraf t configuration, ambient tempera ture , 

ambient wind conditions, climb speed and especially on 

the aircraft take-off gross weight. Information about typ ical 

take-off prof il es for airc raft at various conditions are ava il ­

( 14] I [ 15] d • • b d • da b I e a n someti mes presc ri e m or er to cons truct 

a particu la r set of sound c oo tours . Duiing take -off the 
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engines produce the same noise levels at all gross weights, 

but the rate of climb increases with decreasing the gross 

weight. 	 Accordingly the noise perceived on the ground 

due to the flyover of a loaded aircraft would be higher 

than that due to an unloaded aircraft. It should be noted ), 
that the difference in the noise level perceived due to the 

loading conditions of the aircraft gradually increases with 

the increase of the aircraft forward distance from the runway. 
1 

* Figure 5 .2 -illustrates the adopted take-off profile in 

constructing the EPN L contours shown in Figure 5. 1 . 

(iii) 	 The physical data describing the noise produced by the 

aircraft: The data could be determined by a similar 

procedure to that described in Chapter 4,. the appropriate 

curve should be selected according to the location and 

elevation angle between the aircraft and the particular 

location on ground. At this point it should be noted that 

values of ground attenuations obtained throughout actual 

measurements may not represent~ the locations around 

• 
the airport or the proposed runway because ground attenuation 

depended on the topography, terrain, obstructions such as 

buildings, etc., of the particular location. However, the 

presented data represents a typical locality at the Mount Hope 

* 
. Data as 	·shown in Figure 5.2, obtainted from Nordair. 
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area where no tall buildings exist and the surroundings 

are mostly open fields with the exception of few low 

density res id en tia I areas. 

Distance 	Computation 

{a) 	 For locations directly underneath the flight path 

One first determines the aircraft altitude from the appropriate 

profile curve. The effective perceived noise level correspaid­

ing to the altitude is determined from the EPNL vs. distance 

curve, designated PA in Figure 5.3, in this case the elevation 

angle between the location and the aircraft is 90 degrees. 

~) • For Ioca tions off to the side of the flight pa th 

The procedure is slightly different from th0t given in (a). 

One first determines the lateral distance from the flight path 

to the location. The next step is to determine the alti tude 

of the aircraft at the given distance from the start of take-off 

roll. These two distances fo rm the sides of a right triangle; 

the desired slant perpendicular distance is the hypotenuse of 

that triangle. The elevation angle is also determined from 

the geometry of the triangle. For the resultant distance 

one determines the corresponding effective perceived noise 

level from the appropriate EPNL vs. distance curve as follows. 

For locations behind the brake-release point, i.e. opposite 

to the direction of take-off, curve PD is used. For locations 

between the brake-release point and lift-off point interpola te 
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between curves PD and PC. For locations forward of 

the I ift-off point, the elevation angle determined must 

be considered, if the elevation angle is greater than 

10 degrees curve PA is used and if the angle is less than 

10 degrees the appropriate value may be obtained by 

interpolating between curves PA and PB. Figure 5.3 

illustrates curves PA, PB, PC and PD. The construction 

of the curves shown on Figure 5. 3 was carried out with 

the aid of Figure 4.13 and is detailed in Appendix E. 

~/	 5.1.2 Land ing 

Figure 5.4 illustrates equal effective perceived noise level contours 

for a typical 2-engine turbofan aircraft describing the noise field 

on the ground produced during landing normalized for the aircraft 

maximum weight and using t·he instrument landing system according 

to the 2.5° g l ide slope angle prescribed by the Ministry of Transport 

at Mount Hope Airport as shown on Figure 5 .2. In order to 

compare regulatory procedures, Figure 5 .5 shows a similar set of 

0 
contours for an assumed 3.5 GSA. In practice the following data 

should be ova ii ab! e before cons true ting the con tour Iin es: 

v (i) 	 The engine power setting used during landing: For a certain 

aircraft, while there is some variations in landing noise 

levels due to changes in engine thrust as gross weight is 

changed, the effect is usually small [l 6] 
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(ii) 	 Aircraft landing profile: Landing profile depends on 

the glide slope angle prescribed for ILS landing or the 

angle used in VFR landing. 

(iii) 	 The physical data describing the noise produced by the 

aircraft: The data could be determined by a similar 

procedure to that described in Chapter 4. 

\../ Distance Computation 

The slant perpendicular distance between -the ground location and 

the aircraft flight path is calculated in a similar fashion as in the 

take -off operation. Once the distance has been determined, the 

corresponding effective perceived noise level from the EPNL vs. 

distance curve can be selected. Note tho t one curve is presented 

for all locations as illustrated earlier in Figure 4.6. The elevation 

angle has not been considered in this case since noise due to landing 

has been found to be less than take-off noise. 
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5.2 	 Construction of Noise Exposure Forecast (NEF) Contour Sets 

for Mui ti-Aircraft Operations 

In calculating the NEF contours, i.e. locations that have equal 

exposure to noise from al I operations, the contribution in EPNdB's 

from each type of aircraft operating from each runway was 

calculated at the given ground location. The slant perpendicular 

distance from the given location to the aircraft was calculated and 

then the effective perceived noise level values were obtained from 

the appropriate EPNdB vs. distance curve as explained in the 

previous sections. 

The noise contributions from al I aircraft type groupings 

operating on a l l runways were summed on an energy basis to ob tain 

the total noi:Je exposure at any one location [l 4J 

V 	 Basic Equations 

For an operation of aircraft type i, runway 1 the NEF (ij), is1 

expressed 	as: 

N (night) 	 (ii~ _ CNEF(i") 	 = EPNL(i") -t 10 lo [N (day) (ij) + (5. 1)
I . I 9[ K(day) K(n ight) j 

where 

NEF(ij) = Noise Exposure Foreca st value produced by aircraft 

class i apera t ing on runway j. 

EPNL(ij) = Effective perceived n o ise level produced at the given 

point by airc raft class i operat ing on runway j. 

N (da y) = Nu mbe r of oircraft moveme n ts (0 700 AM - 2200 PM). 
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N (night) = Number of aircraft move men ts (2200 PM - 0700 AM). 

K = Constant normalizing the adjustment in NEF values 

due to volume of operations. Different values of K 

were used for daytime a·nd n ightime operations. 

C = an arbitrary constant. 


The value of the constant K(day) was chosen so that for 20 move­


ments of a given aircraft, per daytime period~ the adjustment for 


the number of operations was zero. Hence, K(day) = 20. 


The value of the constant K(night) was chosen such that, for the 


same average number of operations per hour during daytime or 


night-time periods, the NEF value for nightime operations would 


be 10 units higher than for daytime operations. Hence, K(night) 


was calculated to be 1 .2. 


The choise of C=75 was based on two considerations. 

--7> 	 Firstly, it was desirable that the numerical values of NEF be 

distinctly different in magnitude from the effective perceived noise 

level so that there was no likelihood of confusing the two values. 

--'7 Second! y, it was considered desirable to select a normalization 

factor which roughly indicated the amount by which the NEF 

exceeded some threshold value below which aircraft noise would 

most I ikel y be imperceptible. 

Using the values indicated above, the equation can be 

written: 

NEF(i j) = EPNL (ij) + 10 Log [ N (day) (ij) + 16.67 N(night) (i ju - 88 (5.2) 



68. 


The total NEFT at a given ground location was then determined 

by an energy summation: 

NEF (ii) 
NEF = 10 Log l: anti log (5.3)

10i 

The computer programs developed in this study to perform the 

calculations and plot the contour lines are included in Appendix D. 

Noise 	Generated by 3 and 4-Engine Turbofan Aircraft 

In calculating the NEF produced by the various aircraft types 

the fol lowing were assumed: 

(a) 	 3 and 4-en~iine turbofan aircraft produce noise characteristics 

and a directivity pattern similar that produced by a 2-engine 

turbofan aircraft. 

(b) 	 The SPL produced by a 3- engine turbofan aircraft at a 

specific location was approximately 1.76 dB greater than 

that produced by a 2-engine aircraft at the same location 

based on the fo II owing eq ua tfo n: 

n
SP lx = SP L + 1 0 I og __.: 	 (5A)

y ny 

where 

SPLx = sound pressure level produced by aircraft x 

SPLy = sound pressure level produced by aircraft y 

nx = number of engines in aircraft x 

ny = number of engines in aircraft y (type of engine 
is similar to that of aircraft x) 

J 	 Hence, 
3 

SPL( 3 engines) = SPL(2 engines) + 1O log 2 · 
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or 

(5.5)SPL (3 engines)= SPL(2 engines) + 1•76 

t_..... (c) 	 The SPL produced by a 4-engine .turbofan aircraft at a 

specific location was approximately 3 dB greater than that 

produced by a 2-engine aircraft at the same location: 

i.e. 
SPL - SP L + l 0 I og 4

(4 engines)- (2 engines) 2 


or (5.6)
SPL(4 engines) = SPL(2 engines) + 3.0 
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CHAPTER 6 

SUBJECTIVE EVALUATION OF AIRCRAFT NOISE 

6. 1 lntroduc ti on 

In this chapter the problem of subjective evaluation of aircraft 

noise will be discussed briefly and some of the test resu lts available to 

describe the subjective reactions of a community to subsonic aircraft noise 

are summarized. 

The nature of complaints against aircraft noise 

Examination of public surveys reveal that the greatest si ngle complaint 

concerns the interference of the aircraft noise with talking and listening 

(masking and speech communication), the second complaint in number is 

concerned with the disturbance of sleep and rest while the third is with the 

fear of a ire raft crashes. 

Tolerable I imits cf exposure to aircraft noise 

The final results of this analysis is presented in terms of physical 

units of noise measurements and at this stage it seems appropriate to transform 

these results into sociological units of human ·response. 

Noise environment and opinions obtained through judgement tests 

Since 11 human behaviour - environment 11 is a fairly complex relatio n­

sh ip, the more or less empirically derived relations between complaint activity 

or annoyance scale and noise exposure have proven to be useful in predicting , 

m broad terms, human be haviour. 
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The relations ore not precise in a mathematical . 5ense and do not 

lead to on understanding of the exact nature or basis for the human behaviour 

recorded in the complaints and annoyance score scales. 

As might be expected, various psychological and sociological 

factors present in individuals and a community influence the annoyance felt 

and the behaviour expressed by people in response to the annoyance caused 

by noise. Background noise in real life as present in different communities 

proved to be a contributing factor to judgement tests and community response 

to the intruding noise. The sound from an aircraft flying is not as noticeable 

in a high background noise as it is in a quiet environment. Another major 

factor that affects the reliability of judgement tests and people's response 

is the accuracy of the physical units, whether dB(A), phon, EPNdB, etc. 

in predicting the judged perceived noisiness. Several sta t istical techniques 

have been used by researchers for evaluating the accuracy with which the 

physical units of measurements predict judged perceived noisiness. 

6.2 Masking and Speech Communication 

A major function of the auditory system is the analysis of acoustical 

signals so that wanted informat ion components in a sound wave can be 

d iscriminated or separated from the unwanted or noisy components. 

Studies have been conducted by various researchers to estimate the 

understandability of speech in the presence of noise o These tests are called 

intelligibility or articulation tests; the distinction being usually made on the 

basis of how the y a re scored. 
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Kryter [17] in 1965 and Williams [lS] in 1967 determined the 

understandability of speech in "mean percent words correct 11 and the peak 

level of an aircraft flyover noise present for a specific conversational level 

and rate of speech. Figure (C. l), Appendix C illustrate s a typical test 

result obtained by Williams as a typical example of the research done in 

this area. 

6.3 Perceived Noisiness (Annoyance) 

6 .3 l Noise Exposure Forecast (NEF)0 

The overal I effective value of a noise environme nt to which a person 

is exposed on an average basis has been wel I esta blished and expressed 

in various ways. Extensive research and studies hcve led to the 

introduction of the Co:nposite Noise Rating (CNR), Noise Pollution 

Level (NPL), Noise Exposure Forecast (NEF) and otherso 

In summary, it has been cone Iuded that the N EF syste m offe rs 

the capability of an additional measure of precision f·han was previously 

available in the CNR system. As a result, it has been recommended 

by the Canadian Air Transporta t ion Administra tion n4J that the NEF 

system shou Id be used in the determina tion of the anticipaf'ed response 

to aircraft noise a nd the development of compatib le land use plann ing 

criteria in the vicinity of a irports. In Refere nce [14], four diffe rent 

11 response areas" w ere identifi ed and a compatible land use tab le was 

presented and typical cases we re i I lustra ted o The Compatible Land Use 

Table from Reference [14] is prese nted in Appendix C for completeness . 
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6.3.2 Perceived Noise Level (PN L) 

In this section the data available from 5 judgement tests 

are summarized and plotted in Figure (6.1). The following para­

graphs are brief descriptions of the 5 tests surveyed. 

(i) 	 The first is a study that took place on three days late in 

1961 at Farnborough n9J and 60 subjects made judgements 

of the sounds of aircraft flying overhead. The subjects 

were asked to record their impressions on the scales - lA, 

1-B and 1-C as shown on Figure 6. l. Two rating scales 

were used for 0utdoor judgements using the criteria of 

"noisiness•• (scale 1-A) and "intrusiveness'' (scale 1-B). 

The 11 intrusiveness 11 criterion was also used for indoor tests 

(scale 1-C). Noise levels were expressed in dB(A) and 

PNdB. 

Figure C.2 , Appendix C i II ustrates one of the 

results obtained. The principal results of the tests were 

plotted so that the vertical co-ordinate corresponded to the 

desired criteria and interpreted in numbers running from 0 to 

10. The values plotted are the average judgements of the 

whole group of Iisteners, each point representing a group 

judgement on one aircraft and curves have been fitted to 

the data o 

(ii) 	 The second is a study conducted in 1967 by Wi II iam and 

1n9J 	 h' ·b,o.tiiers •m w 1cnI. the su 1ects were ask d e to rate. tne 
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11 acceptabi Iity" of the aircraft noise. The study cone ludes 

that a level of about 85 peak PNdB was barely acceptable. 

Figure 6. 1 i 11 ustrates some of the resu I ts obtained from the 

study; scale 2-A is for a 20 seconds noise duration and scale 

2-B for a l 0 seconds noise duration (time was measured 

between the 2 points 10 dB below the maximum level as 

illustrated in Figure 4.6. 

(iii) 	 Pearsons and Horonjeff [20] conducted field tests where a wide 

variety of test subjects were selected from the general adult 

community and from a population of college students. These 

groups were asked to judge the noise of several classes of 

motor vehicles and aircraft. The results obtained have been 

fitted to straight lines as shown on Figure C.3 and Figure C~, 

Appendix C. Figure 6.1, scale 3 also illustrates the PNL 

in PNdB (estimated from weighting network) and the correspond­

ing mean noisiness rating for all stimuli during all field test 

sessions. 

(iv) 	 Bishop [2J reported a study performed at Los Angeles in which 

55 subjects selected from Los Angeles International Airport 

neighbourhood judged the acceptabi Ii ty of noise produced by 

aircraft flyovers and by recorded flyover signals. Judgements 

were compared with the maximum PNL occurring during the fly­

overs. Judgements on actual flyovers on a category scale ':Vere 

made both insidE: and outside of the test buildings which 

were located close to the approach and take-off paths . 
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Most of the flyovers judged were of commercial turbojet 


and turbofan transport aircraft. In one of the tests, 


subjects were asked to rate aircraft noise on an acceptabi I ity 


scale in which four categories -- of no concern, acceptable, 


barely acceptable, and unacceptable -- were placed at 


equal intervals. 


The maximum noise levels produced by the aircraft 

extended from 83 to 120 PNdB for outdoor judgements, and 

for indoor tests noise levels ranged from 61 to 96 PNdB. 

Mean noise-reduction values for the test rooms were in the 

range 21 - 24 PNdB. 

In this test it was observed that for a given PN L, 

little difference existed between rating of take-off and 

approach noise or live a nd recorded noise sig nals. 

The 2 composite curves re la ting PN L with accep tabi Ii ty 

ratings are shown on Figure Co5, Appendix C and also Figure 

6.1, scales 4-A and 4-B. The dashed line on Figure C.5, 

Appendix C represents the mean of the four regression lines 

for indoor judgement tests and the solid line is the mean of 

the two regression lines calculated from the outdoor judge­

ments.. In Figure 6.1 both lines have been plotted for the 

PN L measured outdoors and the y represent a pprox ima tely the 

mean judgements of the peop le tested. For ty pical indoor !eve Is, 

the give n outdoor leve ls shou ld be shifted 20 PNdB downward. 
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(v) 	 Kryter, Johnson and Young [22] performed a study on 

residents of a military air-force base and had the subjects 

iudge aircraft noise on a scale of equal intervals from 1 

to 13. Scale index 13 being very acceptable, 7 just 

acceptable and 1 unacceptable. Two different units of 

measurements were reported, Peak PNdB and EPNdB, also 

· indoor and outdoor judgements were performed. Figure 6. 1 

illustrates outdoor judgements (scale 5-A) and indoor judge­

ments (scale 5-B). In the latter the sound measurements 

were recorded indoors. 

Comparison of Judgement Tests 

Differences in category scales, test stimuli, dynamic range of stimu Ii, 

and instructions given to the subjects in each test, tend to limit the 

validity of comparison between various test results employing different 

rating scales in order to reach a universally accepted rating scale e 

In analyzi.ng the result's of the various tests, different curve 

fitting equations to the data have been employed, hence there is 

unequal spacing between the different categories. 

Moreover, if a greater dynamic range would have been used 

in some of the tests, acceptability rating scales would have spread 

out or visa versa .. 

6.3.3 	 Proposed EPN L Tolerable Limits 

As discussed earlier, the re sults of judgement tests are valid 

for a particular test condition and any of these result5 could be used 

http:analyzi.ng
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in predicting, an broad terms, human response to aircraft noise. 

[21]
However, one of the test results, that from the Los Angeles study 

was adopted in the present study since it appeared to represent the 

average of a 11 the tests surveyed. The values that correspond to 

mid-point of the category scales shown in Figure 6.1 have been 

taken from the original curves. For example, from Figure C.2 a 

mid point value (the ordinate equal to 5.0) is 106 PNdB and shown 

on scale 1-B, Figure 60 lo 

The values reported in PNdB in the test were adjusted for 

typical flyover time durations and the following Iimits ar~ suggested 

for outdoor judgement and outdoor measurements in residential areasc 

82 EPNdB of no concern 

89 EPNdB acceptable 

97 EPNdB barely acceptable 

104 EPNdB unacceptable 

For indoor judgement and indoor measurements the following limits 

are suggested: 

65 EPNdB of no concern 

73 EPNdB acceptable 

82 EPNdB barely acceptable 

91 EPNdB unacceptable 

It shou Id be noted f'hat the indoor levels are based on a typical house 

attenuation value of 20 PNdB where windows and doors are closed. 



79. 

CHAPTER 7 

RESULTS AND DISCUSSIONS 

7. l Results a nd Di sc ussion 

7. 1. 1 Ground and Terrain Atte nuation of Noise 

Ground and terrain attenuation of noise contributed a great deal to 

community noise reduction in some localities, specifically those 

located on a d istance greater than 2, 000 ft. along the sides of 

the runway * • The elevation angle between the observer and the 

aircraft, at which ground a t tenuai'ion becomes noticeable, was 

found to be approximately l 0°. Inspection of the EPN L contours 

shows that the effective ness of foliage for noise abatement is limited 

to a value of 4 to 8 dB reduction in noise level [2
4J only for those 

locations opposite to the sides of the runway and provided that the 

foliage comprises a belt of tall, de nse trees. 

Locations close to or directly under the flight path where 

a substantial reduction in noise level is desirable wi II not be alleviated 

by the introduction of foliage or noise barriers since the aircraft will 

be mostly exposed during flyover and accordingly most of the sound 

energy perceived by the ear wi II be direct sound waves. 

* See · Appendix E for f·ypi ca l sound pressure leve ls measured in this region. 
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7. 1. 2 Flight Path 

The effective perceived noise level and noise exposure forecast 

contours are computed and di splayed in this study for straight 

flight paths during approach and take-off. Graphical techniques 

are available to reconstruct the EPNL contours for any curvey 

flight path, provided the rate of climb or descending angle is 

[15]
known The developed computer programs, given the equations 

of the curved flight path, could be modified to suit the requirements 

of a prescribed or an optimum flight path with regards to local 

noise abatement standards and air traffic control procedures (ATC). 

Hence, a new set of NEF and EPNL contour line!> could be 

constructed for the new input data. 

7. l.3 The Experimenta I Relationship Between PNdB and dB (A) 

Figure 4.10 and Figure 4. 11 illustrates the PNL in PNdB (calculated 

in accordance with the procedures given in Chapter 4) versus SPL 

in dB(A) for both cases take-off and landing respectively. The 

experimental data are approximated by straight line relationships 

of the following form: 

Take-off 


P N L = - 9. 35 + l • l 9 dB (A) PNdB (7. 1) 


For example if on take-off the measured sound level is 100 dB(A), 


then the PNL would be approximately 109 PNdB. 


The mean 'tclue of the diffe rence between PNL and dB(A) for all 
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the test points (take-off) was found to be approximately equal to 

7.7 dBo 

Landing 

PNL = -9.78 + 1.29 dB(A) PNdB (7 .2) 

Again on landing if we consider a measured sound level of l 00 dB(A) , 

then the PNL would be approximately 118. 

The mean value of the difference between PNL and dB(A) for al I 

the test points (landing ) was found to be approximately equal to 

11 dBo 

It should be _noted that the equations and values presented above 

apply only to a specific c!ass of aircraft, accordingly different 

values would have to be established for other classes. On the basis 

of this information it is quite possible to use the sound level meter 

for direct measurements or monitoring of aircraft noise in simple dB(A) 

levels and then transform the data to approximate the PNL and PNdB. 

7. 1.4 Comparison of 2 and 4 engine turbofan aircraft Noise Levels 

6
Figure 7.1 illustrates the "PNdB versus distance" results by McPike [1 ] 

and Bolt, Beranek & Newman Inc. [15] for a typical 4-engine turbofan 

aircraft as compared to the results obtained in this study for the 2­

engine turbofan aircraft. Considering the difference, in the acoustic 

power and the noise pattern, between 2 and 4-engine turbofan aircraft, 

the results of this study show a good agreement with the other studies 

in view of the PNdB trend versus distance. 



--:;;;a;.- -·140

~fl=J:jjffil3--+fJ,l1i-t± j ~ , ~ -T1'fl1fj1Fig.(?.ll PNdB VS. DISTANCEb_1J_~ 1' · -m·, -+-t-t-f- -} ·i--d1iHIJJ :-r-,+t--1 
, jm r I ..J. I j ' I -r I ' ' • 

(/')~ JIIJ-t !_L 1_!_!_1 f- +- -1t -l 
' 

+t+f- ~='= t'- -i-1- - r- r:l8 6- 4- Engme Turbofan , I00 % of mox. GWT. , to keoff .z -~ - ! I 1-~ '1--f=1- -~L~ _J[i-1-1 - - i 1 =r+-+-+- _ I t~ /\. _ /\. 11
Q I ' +--- - +-+-t--+ -i-­1 ~ ~ tt 

• , 3° G.S.A. , approach.( lb)
• i~j :- 1-1 - - -H + I f--t-t-r- -r- --r-- 1~ -1 J 1 - I j [ -r -, +-r-J I i ] 

1 1 (5)13 -;- ' ' I I _i --' !-LW - -r-1_1_ - - t-t- - -r-- - I ; It 
, 100 

0Yo of max. GWT., takeoff.It 11-!©' ': - ; :-L I i-i -L~-· 1 - ' --EEL+-i - ~~t-t-r- -r-+t- I . ;It
le 

:tI I I· __,_[_ ~ -~ - - - -t--+ t- '1 -r-­ - ~,....... • 
II " , 3 ° G. S. A., approach.( 15 )
-1 \\ I . ,_ - _Jffi_L li::=-r-+-- - -1--t-t- t---+-·---i- 1-1--+-- : . 

:_i ~ I 1 I I I - 1

liJ.j - :--- -:- r= ---t~-! - '1 ·· I l-~ - -t--t- f-+--.- -r­ e- 2- • 
I I ' I - _J_ l I - 1- - - - 1- - -j-t-t- - ' 11 ~ 10 0 % of max. GWT.,tokeoffl Present 
' I ' ,. __Ll_J -1-- t~ I _t-+-t- -1-t--t-1-++ M-'-+-+-:-T -= - -e. • • 

H--H ' j-+- ~~=- -1--
t- -- - - t-1- - --1-t-+- ·-r-- - -r- -- -f- jt-t-t- L~ -- I~ - '-'---t-t- - - -t-t-t- - -!--t- -- -1 - t- t-t-- t- Tt-t-t-· r--. I 1

T _ _j -t- , _ f1 
f- - - -- ~ '[ - __ , _ ,_,_r- - 1 -- -t-t-t-- --t-t- - -t-- r---i-+----t---t-=·-+- I_J t- - --- ~-+-,_,__ __,_,_,__ -- -- +-+-- rr

l 1-r- - -t--i-1 - - -t-t- it-t-t-· I l l 

- L I- ' 4 -1- t-t--i--1-t--t--l-I- +H-+- H H-TT +-1- I 

l _,_[E _
+-+-+-r- , J 1 t_- -r--H-

- _ J - - u~j-+-_:: 
' l - -,--- I r-t- - t-t- 1 I ilij_~ ~ L I J ; 

_ ,-++-- 1--~ 1-:=:::;:=--H-+-H+;_;_ t-H-- • J-r~j~
~ r-+--·-1-,,...,__1 r~~-t- I 

1-LL ~ ' c.!. A rr-. r-t-+-~ r- ' ,_,__ I f---1-;~ t ·.:-t I -_LJ_l_ -+-t- - i--r- _j_ t-t-r-- I 
t- ! I~ _J_ I . - . r- 1-t-- 1- r--+--t- +--+--.-

1-t.

Jt>t=rt-r- H~l-Ft 'I f+ ~t I -_ri-+- -1 I-+ --1-1-1 ~··---~=r-1 ~ ff~ I I i _j r-LLJ_ 
1 H-1~ Jf1±__,___,__,___,_.1i H-1- :-++-- ' j LLf I 

~Jit' t-+-t--r rl~ ' - 1~ ~ ~ ~_,__;~! I-+- r-c--i--~ - r-t-t-- ~ 
nEE + _ _ ~~ i~\P !-f-'-f- -l-- '--t-;, 1 . 

1K _1=+-_1- , -- ---t--t- H----t-i-- ~ 1 -H-t-,-r--+---- ::::.. +- ~..!. '-4.\ r Pl=
J 

t--t- -i - r- -- ++-t-- -- t-+-- I '"1"- l 1- . t-- -

! 1~~ -'j t- -r-r::r- •-r-+- _,--t- - _j_ -l=r' I 

. p _ . --1--J 

t-+-- f ' ' _, '-1 ~ l-+--t-'~ 1--t-+--+-+--t-++_'- t- -r- ' - --· - t-- t-- r-t--

- r ~ ff Ir L ~ I 

'~11-~ ,~ ~- - ~_f=_ - ~-il ~1}_ t- .. ,-l-t-- :~lt_· t-t:'::,_:_r-:_: ::.:I
I _ L - -Li L _! ~-- ,~ f +I '- ~~.. t-tJ_-

1 
:..r :~;:;-- ;:_-:=.~=~ 

--t- -+-t----1-1-t-+-R-+1~1::+1 t;=fa -H.:::- :)+++J-=::::::::::ij:jj~_ .-.--- r--t-t-r-t-.--;=~-~ ~~r~ }I~ ~=.Q.= f-t±fH=i+i+t±± .i i H- - H-r- -rt 

, 2.5 ° G.S.A.,approach. SstudyI ' j i_i I_ I - j _ -- 1- · r- - -1--+--t-t-- -H- - r- -+--+--~, "<::7 11 __ '-. 
' \ I . ' ' I ~ I I I --\ - ' ' ' ' - -,-- -~- -,- ',_ r- I 'c- --· I 

1:_: t!20 ~l~~ -. -+-LL~ --1-1-'-- -1~~-j- -l--1 ' -- -;~:=t ='-=~t=' :~;I-- -~'. 1-~-~ ' =-=!-t-+--+- L=:=LL1
I \. I : :.__ ' - t- --tt --t- -+- I- t-t- - !-+-t- - -j 

-1·1 I \ \ '1~ ' : Ii i_ i_lI - . - - 1- - J -t-1-i--- - f­' I i f-1'- I !\b : , -;---i - --+-1-r i-t-- --•-+-;-- t­

, :___'_)\ ' _j_ I I 
f-i--1 I ,-1--\--- -- LLJ_J - - -+-+---- ~-t--+-t-1 -t- I -­-~ -~I! ~-, • ' · , '_!j I ' r- - --~ . _!~ ; ! , \ . : , --t-nm--- -

­

- I .- lI I , i l , ! -
I
~--t-t- - t-+- t-- ----r- - t--t-t­, -+-t-t-- f­

11 OljIl_! -· ! l. 
i1\

' \ 
~ II T I 

; ISJ[-+~Hr-+-1t-t- . ' - - ' - t-r- ~ u~;.
H-J i ' \~' U

-

~-r-:J. + '~'-=: --- +---+-t- __ -r- ,- --1-tr.r ~~
- -r·· : ·\ ~"' ~ 1 1 L ·- t-t-­1 f­-r +~ , I ~"· . ' • . i ' ._ l l H~ • I -i_' I -\1 r ~~, I u 

1 

.~~ u - t-r- --1'-~l - 1---l---- -1-­

1-- ~-i - • :_!, ' I~ 1 1 ~[\ ,---,-+-: 

~·--j11=--- I I r ' ' . --- :q!> - ---- ~.-.--. r 
1- - - -!- '1- I ' r 11 '\ l f~Lt I : ,J H1 ~ I ........__ .--~--i-J-r- -t-- -t-t-·
S.,I ~

-- , 1 ' • I'' I . , -.....rJ 1 , 1._ . 

lOO .1-i H- -~- I : l 1't:-.ii.\1 ...I i 1 ~~ :imi . ~j-1 -[ c, 1 1 -I i r ~
I~ i--tl· _, , , ,JJ_,~ I I ~1 J·-_1 - J- • - _, - ~ r _JLn- -- " "l' , i'-1-1 ~ l i ' -~ -•l i - '-h,J-- ' ~ If , ~ 1 l t-j I! Ibl .!+----~.!.--! :~ .._ ~~~ ti·r±

I 1_IT ~-1 ' ' • , , " l : L:..., · -- \ 
-1- - I I I I I I_ --! ~ .1~'~1~ -1[1' 1-rl~

tt

jt ~:t !- ~'.1, ~-l +11-· 1 - - ~1~t ~- - :~. I i~ L ! !- l 1+j4.+- I- ,
J-rri-1 L- -- -'--i- r _JI~· r I ~ l-1 H~-1-1 1 

I 

11 1 
90 H: -:+ IL- I I I i : '~ ~ +..- I+~ ;"'\..I I I I I 'i"'!--L 'I 

~EIELtr±tt- -~th ,::_ fl' ~ i ~<$l1:i+11J 1j:H~JEt=l--_r-~~L .1, 1L _11-+r-- -f+1-- +--!-1- - 1~-~'I _ , .tJ: , ~+ J1 
1 , :r::r:J I ' · _ • _ ,. _• . 

-_-- --f- -L 1__! - --1-J- - -_1 -_- 1 ' _ l --1 \r:~.! ~ i+J+_~tL-~:=-t=r~--f J~--t--1--_-+ -- r- --_-f ,+ 1--- --1- . 1-}JI_ J,-- ·r-- _!-_ r$·±+~ 1=.. ::- ~ - _JJ_ - l I~ tt' t:,j - !+--+---n L t
I 1· I I - f- r - - r- [ I I- - I 1- I I~ ! 1-r- . l ·1 -, .,

f-- . ·· - - , I I i::"S, A':' 

I 1 I. ~ . I ' l T ' I - i _ ! ' ' i ' ' ~- I- --1 ' I 

eo ::1rr-t t _·-1· I t_1~_1L~-_1~1 '~~-; 1 t~l:!:-F - 1 
+t:-1*t1~ ~ _1_ 

1
l .-f-~ 1~H- !1 ijt1_-- ~#1: 

I 1il l_l ' i--j I i I I 1 ' ~ 1 -~a+- " 
jIF!_t1-tt i-~,_ i 1 ~-1-1': _111 · ~- :ft- -- 1 _=1-f_J.~=-ti lt-t--:-·:.~r1l-_ tr l_-1 j:1, _Jl+ L1J-t=._I_ '! 1 -J~ ti ~Jr-1-[l}J --f-1-

70, -i-i-1 + -: I 1 1 1 l I t J r 1 • --,-h J. T ~ __L 

0 (X)1000 2000 3000 4000 5000 6000 7000 6000 9000 N 
SLANT PERPENOICUL~R DISTANCE (FEET) 

http:Fig.(?.ll


83. 


7. 1.5 Measurements 

Field measurements in general show good agreement with the developed 

PNdB vs. distance equations for landing take-off. 

The accuracy of instruments, measurements and data reduction 

techniques was carefully controlled within ± 2 dB; nevertheless 

repeated measurements in some locations exhibited greater differences. 

These differences resulted from the contribution of several factors such 

as weather condition, aircraft flight path, take-off and landing profiles, 

aircraft weight, etc. However, the relative effectiveness of these 

factors on the readings depend on the measurement locations. In this 

analysis no corrections were applied to the measurements due to 

variations in weather and wind conditions, however / it should be noted 

that measurements made with wind speeds over 10 mph, extre me 

weather conditions and off-course aircraft flights were rejected in the 

final analysis. 

7. 1.6 NEF Contours For The Existing Operations 

Figure 7 .2 i I lustrates the Noise Exposure Forecast Contours for the 

existing operations on runway 24* at Mount Hope AirporL 

The type and number of aircraft were taken from the timetable, 

over the period the measurements were made, of the major commercial 

aircarrier ** using Mount Hope Airport for a typical weekday. 

Business jets and light weight private aircraft were not considered 

* Contours ccu Id be rotated 180° to show a simi lar case using runway 06 o 

** Nordair Timetable -. effective October 1, 1972. 
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since the 	contribution of these aircraft to the final NEF is 

negligible compared with a twin-engine commercial jet aircraft 

with an average take-off weight of about 90,000 lbs. 

In computing and constructing these contours it was assumed 

that all landings and take-offs were on one runway only, i.e. 100% 

utilization of one runway 06/24 in order to show the highest possible 

value of the noise exposure index in the various locationso The 

contour lines show that the NEF contours due to landing encompass 

long narrow strips of land as compared to the take-off pattern, where 

the noise affects a shor ter but broader land area o 

The area of land en-compassed by the 30 NEF contour is 

approximately 4.4 square miles and by the 40 NEF contour approxi ma tel y 

1.1 square miles. It should be noted that if a different runway 

uti Iization factor was used in the analysis, the land area encompassed 

by each contour line would have remained almost the same, but the 

shape of the contours would contract or expand in certain locations, 

in a manner depending on the utilization factor. 

The NEF contours of the existing airport operations are 

presented in this study in order to serve as a basis for compari son 

with the planned operation a fter the proposed expansion. 

7 o 1 o 7 N EF Contours For -·he Proposed Pl a ns 

(a) 	 Assuming a ll land ings and take-offs on one ru nway (11 /29): 

Figure 7. 3 i I lust rates the NEF con tours for the proposed 

expansion assuming al I lcrndings and take-offs o n runway 29 *. 

* contours could be rota ted 180° to show a similar case using runway 11. 
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The mix and aircraft types [3] are shown on the diagram, 

[3]
and the runway is located as per plan 2B • 

In this particular case where only one runway is 

being utilized, the same contour lines could be used as 

well for plans 1 and 2A by just shifting the overlay. 

Comments regarding the contours are similar to the case of 

exi.sting operations with a recognized increase in area under 

exposure o 

The land area of land encompassed by the 30 NEF 

contour is found to be approximately 11o9 squa !"e miles and 

by the 40 NEF contour approximately 4.2 square miles. 

(b) 	 Assuming landi ngs a nd ta ke-offs on runways 06/24 and 11/29 

One of the important results of this study is illustrated in 

Figure 7.4 which shows contour levels encompassing both the 

06/24 and 11/29 runways. It wi II be noted that the minimum 

contour level is rated at 5 NEF while the maximum is shown 

to be 45 NEF. These contours apply only to plan 2B for a 

specific aircraft mix and runway utilization. It has been 

further assumed that the 5% uti I ization a !located to the 

existing runway (06/24) will be divided equally i.e. 2 ~ 5% 

for each direction. It has also been assumed that the total 

number of 2 and 3 engine aircraft is divided with an equal 

number of each type of aircraft. 

Since no 	 plan for the exte nsion of the exi st ing runway 
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was submitted, the uti I ization of runway 06/24 was 

restricted in this analysis to 2 and 3 engine aircraft 

only. The area of land encompassed by each contour 

Iine was measured and found to be as fol lows: 

45 NEF 2.4 square miles 

40 NEF 4.8 square miles 

35 NEF 807 square miles 

30 NEF 14 o9 square miles 

These contour lines represent an average daily exposure 

to aircraft noise and it would seem appropriate and a fair 

practice to use these values in general cases of compatible 

land use and planning. 

7.1.8 	 N EF Maximum Envelopes 

The concept of 11 NEF Contour Envelopes 11 
, as the term and 

concept are introduced in this study, forecasts the highest 

noise exposure that might occur at certain locations in 

the airport vicinity. 

Since noise could be a critical factor in site 

selection and constructional design of a proposed establish­

ment, it would seem appropriate to investigate the maximum 

value of noise exposure rather than a value based on an 

average dai I}' basis. The latter is computed from 

accumulated stat istical data of the yearly prevailing 

winds at the airport location, proposed runways orientation 

and anticipated aircraft movements. 
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To construct the "NEF Maximum Envelopes", the 

NEF was computed assuming 100% utilization of each runway 

i.e. all landings and take-offs on one runway, the NEF 

contour lines of al I runways were then superimposed on the 

airport map and the envelopes containing the various levels 

were construe ted and identified. Figure 7. 5 illustrates a 

typical 30 "NEF Maximum Envelope" computed for the 

proposed expansion . at the Mount Hope Airport using runways 

06/24 and 11/29, assuming l i4 aircraft movements (57 landings 

& 57 take-offs) with an aircraft mix as shown on the diagram 

and assuming the various possibilities of wind direction ' in­

c luding severe south or north winds. It should be noted that 

the existing runway 06/24 would be required only in severe 

crosswind conditions over runway 11/29, i.e. S or N wind 

directions, and the new runway 11/29 would be used for all 

. d d" . [3Jother wm 1rect1ons • 

The 30 "NEF Maximum Envelope" depicted in Figure 

7.5 was selected to demonstrate the concept since at this 

level a marginal zone exists for further residential develop­

ment. 

The area of land encompassed by the 30 "NEF 

Maximum Envelope" is approximately 29. 7 square miles as 

compared to 14 9 square mi Ies for the case and dato show n c 

en Figure 7 .~. . Furthermore , the contour line s ex tend to a 



INote: Airoraft movements as on 
Fig.(7.4) 

II 29 ·------- -- ------- -----·~- · 

30 
11 

NOISE EXPOSURE FORECAST MAXIMUM ENVELOPE" 

PROPOSED AIRPORT EXPANSION - PLAN NO. 28 
SCALE I : :>0, 000RUNWAY UTIL I ZATION I 11 • 100 "I. 

29 - 100 % 
06. 100 % 
24 - 100 % 

Fig.(7 .5 ) 
L._ 

"° 




92. 


distance of about 7. 5 miles beyond the threshold of a 11 

runways in the former case as compared to 2 .4, 2. 3, 5. 9 

and 7. 2 miles for runways 06, 24, l l and 29 respectively 

in the latter case. 

It is expected that this concept would represent 

a realistic approach of exposure to aircraft noise and a 

typical case which might happen on certain days, however, 

these maximum I.eve Is of exposure may not happen for severe I 

days, or even weeks, but the possibi I ity is a I ways present. 

The use of this approach is restricted to specific critical 

cases of land-use such as hospitals, schools, etc. The NEF 

based on an average percentage of runway uti !ization seems 

to be adequate and appropriate generally in land-use planning 

and rezoning. 

7.1. 9 Changes in operational procedures 

The choice between take"".: off power a long the entire flight path 

versus power cutback at some acceptable altitude has been 

recognized as a means of reducing noise in the close-in 

community. Severa I t'ake-off procedures and profiles monitored 

in actual day-to-day operations at a major international airport 

in the U.S.A., demonstrated noise reductions over the community 

on the order of 4 to 7. 5 PNdB. Such reductions are to be 

encouraged since noise-aba tement take-off procedures can be 

pe rformed effectively with virtually all present day jet tran ~port 
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aircraft without modification of the aircraft, with no effect 

on safety and with little effect on pilot-workload. 

Aircraft flap settings after take-off has proven to 

be an effective method of further reducing aircraft noise, 

within certain limits, and the further introduction of 

automated flap systems, _permitting speed-control led programming 

of flaps during c limbout, promise to add an improvement in 

. . [25]
t he noise picture • 

lnspec ti on of the N EF contours revea I that any 

reduction in take-off noise mainly because of engine power 

cutback wi 11 be more effective than altitude changes especially 

from those locations further away from the centre line of the 

flight path a nd off to the side1: si nee at these locations the 

relative change in aircraft altitude is very small compared to 

the slant perpendicular distance to the flight patho It should 

be recognized that locations clos~ to the airport and approximate ly 

3 miles alongside the take-off flight path wi 11 not experience 

any particular noise reductions with power cutback since this 

procedure is not applied in the early stages of take-off a s 

noise abatement procedure. 

The computer programs developed in this analysis 

could be used satisfactori ly to compare various take- off 

profiles and procedures w ith regards to reduction in community 

noise and t he relative effectivene ss of such a procedure 

upon no i se co ntours o 
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7. 1. 10 Regulatory Procedure 

The present regulations at Mount Hope Airport specify a 2 .5° 

glide slope angle for approach when using an instrument landing 

system (ILS), accordingly measurements of landing noise were based 

on this angle. The experimental data has been further analyzed 

to examine the noise reductions which may be obtained assuming 

a 3.5° glide slope ang le for approach and these results are shown 

earlier (see for example Fig. 5.5). The trades between glide 

slope angle and noise for a 2-engine turbofan aircroft are illustrated 

in Figure 7.6. In this analysis the 85, 90, 95 and 100 EPNL 

contours; assuming 2 .5° and 3.5° glide slope angles, are . superimposed 

and from the results it is concluded that these contours exhibited 

a shrinkage in length of abou t 4.0, 2.9, 2.2 and 1.7 miles 

respective! y when the glide angle was increased by 1°. 

Another way of looking at the noise benefits of higher glide 

slopes is the change in community area in square miles subjected to 

a given noise level . As an example the pe rcen tage reduction in the 

90 EPNL contour is found to be approximately 25%. Note that the 

percentage reduction and shrinkage in length as exp lained above were 

slightly underestimated _because at higher glide slope angles the aircraft 

power setting is usual I y decreased, accordingly further noise reduc t ions 

in the order of 2 dB might be achieved. 

Increasing the GSA within l imitations offers a potential for 

a significant re l ie f of the c omm un ity noise problem. However, the 
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effective reduction varies from one location to the other. 

Results of a series of tests [25] conducted on 727-200 

aircraft shows noise reductions in the order of 5 to 7 EPNdB for 

10 • 
a an crease in glide slope d.irectly under the flight path at a 

distance range of l to 5 nautical miles from the runway threshold. 

7.2 	 CONCLUSIONS 

(i) 	 Measurement results for a twin engine jet aircraft show that 

EPNL contours due to landi~-g (2.5° GSA) encompass long 

narrow strips of land as compared to take-off (100 GWT), 

where the noise affects shorter but broader strips. The 

superposition of landing and take-off EPNL contours, a s 

shown in Figure 7.7, revealed the locations at which the 

landing noise will exceed the take-off noise and also 

represent the envelopes which contain the maximum levels 

of noise at the various locations due to the operation of a 

sing Ie aircraft. 

(ii) 	 Expanding Moun t Hope Airport to accommodate 57 different 

aircraft pe r day, runway utilization, aircraft mix and runway 

location as shown on Figure 7.4, would result in approximate ly 

2 .4, 4.8, 8. 7 and 14. 9 square miles of land encompassed 

by the 45, 40, 35 and 30 NEF contours respectively. 

(iii) 	 A compa rison between the proposed expansion and the exis ting 

ope rations at Moun t Hope A irport; based on all a irc raf t take ­

offs and la nd ings on one run v1a y, showed tha t the area of 
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land encompassed by the existing 40 NEF contour would 

be enlarged 3. 8 times and . the area of Iand encompassed 

by the existing 30 NEF contours would be enlarged 2.7 

times, due to the proposed expansion plan. 

(iv) 	 Versatile computer programs have been developed in this 

study to compute and construe t the E PN L and NE F for any 

combination of requirements such as runway orientation, 

flight procedures, type of aircraft etc. The programs have 

the capability of computing the EPNL or NEF at any given 

locaticn in the airport vicinity, within the accuracy of 

the techniques used. The impact of changing operational 

or regulatory procedures on the community could also be 

investigated. 

(v) 	 For land use, only where the noise constitutes a critical 

factor in selec t ing the site, the plan~er or designer should 

use .the proposed concept of "NEF Maximum Envelope 11 to 

forecast the maximum level of noise exposu re that might 

prevail at the proposed site. Based on 57 aircraft per day, 

the area encountered by the 30 11 NEF Maximum Envelopes 11 

was estimated to be approximately 30 squa re miles. 

(vi) 	 When an effective control of the noise produced by aircraft 

is desired, it is not enough to estimate the noise from 

various aircraft and determine a noise exposure index. The 

actually produced noise must also be measured and moni to red 
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at various key positions around the airport . Such 

monitoring systems and local noise regulations super­

vised by 	the local and federal authorities are necessary 

to control the environmental qua Ii ty. 

(vii) 	 A preliminary analysis concerning the possibility of 

further reductions in noise shows that increasing the glide 

slope angle offers a potential for approximately 25% 

reduction in the area of land encountered by the 90 

EPNL contour if the exisi'ing 2.5° GSA is increased to 

3 .5°. However, the increase is governed by aircraft 

performance capabilities, pilot acceptance and most of 

all the safety of passengers and the community. 

(viii) 	 Tolerable I imits of exposure to aircraft noise are presented 

in Chapter 6 and displayed on the noise con tours. However, 

the interpretat ion and application of these data for the 

setting of environmental noise I imits that are economical 

and, at the same time, acceptable to the public in a 

specific locality is a task that may require special informa­

tion and judgement about that Iocal ity. 

(ix) 	 It should be mentioned that al I the aircraft used in the 

analysis are what might be termed •=last generation aircraft 11 

in that many of the engines and airframes were designed 

over lO years ago. At that time only limi ted attention 

was given to resea rch in the area of aircraft noise. 
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Next generation aircraft including the Boeing 

747, the Douglas DC-10 and the Lockheed 1011 (Tristar) 

have much lower noise levels and when these aircraft 

are in general use there will be a significant reduction 

in the area of critical noise exposure which is shown in 

this study. Aircraft presently in the design stage such 

as the deHavilland DHC-7 wi!I generate still lower noise 

levels and it is to be expected that this type of aircraft 

will be a primary carrier for intercity transport. 
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Perceived noisiness in noys as a function of !:ound pressure level 
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Fig. ( A. l) 
F':rom Reference (8} 
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. 	In order to facilitate programming the calculation of perceived noisiness with a digital computer, the foilowing 
information is provided. 

The value of n in noy in Table 2 is related to the band pressure level L by the equation: 

n= 10m (L -Lo) 

where m and L0 depend on the band centre frequency and on the range of L. For the bands with centre frequency 
from 400 to 6300 Hz inclusive, single values of m and L 0 suffice to define the noy value in each h:md. For e<'.ch 
other band it is necessary to define two values of m and L 0 depending on whether L is greater or less than a 
critical value. 

The coefficients m and L 0 are given in Table 3 below. 

. Coefficients m and Lo 

Band centre Upper range of LLower range of L 
frequency 

mLmL Lolo(Hz) 

520.030 1092 to 1 SO6450 64 to 91 0.043 48 
5186 to 150 0.030 1060 to 85 6063 0.040 57 

86 to 150 0.030 10 495680 56 to 85 0 .036 83 
4780 to 150 0.030 1053 to 79 53100 0.036 83 

80 to i50 0.030 IO 4651 to 79 0.035 34 51125 
76 to 150 450.030 10160 48 to 7 5 0.033 33 48 

0.030 10 43 74tol50200 46 to 73 0.033 33 46 
4275 to 150 0.030 1044 to 74 44250 0.032 05 
41315 42 to 94 95to150 0.030 100.030 68 42 

Full range of L 

40 [Q 150 0.030 10 40400 
500 40 to 150 0.030 10 40 

0.030 10630 40to150 40 
800 40 to 150 400.030 10 

0.030 ·101 000 40 to 150 40
~ 

)8l 250 38 to 148 0.030 10 
1 600 34 to 144 0.029 96 34 
2 000 32 to 142 0.029 96 32 
2 500 30 to 140 0.029 96 30 
3 150 29 to 139 0.029 96 29-
4 000 29 to 139 0.029 96 29 
5 000 30to 140 0.029 96 30 
6 300 31 to 141 0.029 96 31 

Lo\v'Cf range of L Upper range of L 

8 000 38 to 47 48 to 144 0.029 96 340.042 291 37 
10 000 41 to 50 51 to 147 0.029 96 370.042 29 j 41 

Fig.(A.3) 

]Tom Reference(8) 
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4.
Typical computer output 

I NT ERVAL PERC.NOISE LEVEL 0 8 (A) OIFFA 08(0) DIFFB 
--- ~ <.5 SEC> <TO NE COR REC TE D> 

1 1 0 5. 07 93. 68 11.4 10 0. 71 4.4 
-1--tr4. 26 '33.55 10.7 t00 . 85 3 . G: 

3 1 0~ . 01 91. 75 11.3 g 8. 5 8 4. 4 
4 1 1)6 . 47 96. 81 9.7 10 5 . 0 8 1.4 
5 1 <J 9. 02 97. 82 11.? 10 5. 8 2 3.2 
6 111. 34 9 9 .46 11 ~ g -- - 10 7.6 5- 3 .7 
7 112. 00 1 0 2.96 g.1- ·110,73 1. 3 
8 118. 4g 103. 26 t5. 2 111. g 5 6.5 
g 117. 2S 1 02 .79 14.S 110.i.g 6 . 8 

1 0 1-16. 15 1 04 .~ 11.':3 1:11.60 4 .5 
11 120. 81) 1 06 .47 14.3 114. 54 6.3 
12 122. 03 107.75 1. 4. 3 115. 6 7 6. 4 
13 118.3q 107. 60 1 1) ,-9 114.56 3. 8 
14 117.8'1 107. 33 - 1 D • '7--- - - 11 3 • 5 7 - - - 4.2 
15 11 ~ . ~s 10£+.73 8 .6 110.45 2.9 
16 112.~3 1 03 .Ei 8,S 10 g. 4 5 2.7 
17 :l.D9e 38 1 0 3 . 43 6. ,, 1 Q 8. g 6 • 4 
18 -1~~-t -5 Gt- 1 01 . i'J 2.5 'i: O 6 • 5 0 2 . CJ-
1 9 1 0 1. 3') 1 00 .66 .7 105.83 -4.5 
2 0 1 0? . 2? 99~45 2.8 104.6 9 -2.5 
21 1 02 . 36 98.57 3.3 10 3. 8 3 -1. 5 
22 97.22 95.16- - 2 • 1---- 10 (l • 5 4 --- . - 3 • 3 
23 96 . 39 9 3 s gg 2.4 g g. s 6 - 3. 2 
24 95.5 0 93.58 1.g g 9. 0 0 - 3.5 
25 g6. 20 91. 98 4.2 97.43 -1.2 

MAX P[DC. NOISE LEVEL : 122. 0 3 PNOB 

EF FECT J V ~ PER C. NO IS E LE V:. L :::. 115~51 PNOB 

MEAN VA LU E OF! PNlB T- OB CA>> = 8 .4 0 STANDA ~O DEVIATION = 4.51 

MEAN VALU E OF<P NJ8 T-D BCO)J = 1.75 STANDA RD DE VIATION= 3 . 52 

Fig.(B.l) 	 Typical results of a flyover noise( takeoff)

measured at a distance of approx. 300 ft. 

from the aircraft. 


Note: 
DIFFA::. PERC. NOISE LEVEL- DB\A) 

DIFJ:i"'D =PE.RC. NOI&~ LEVEL- DB(D) 
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Fig.(C.l) 	 The mean percent words correct plotted 
against peak levels of aircraft tlyover 
noise. Reference (18) 

PfRCEIVED NO!SE LEVEL (PN dB) 
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5 = Mid­point of 
the category 
scale. 
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SOUND LEVEL ~BA) 

Fig.(C.2) 	 Outdoor j udgments on the category sca le 
or noisiness -pl otted against sound l evel 
A and perceived noise level . Re f e r ence{l9) 
( Q,= quiet ~ iifi; moderat e , N=noisy and VN ~ 
very noi sy ) 
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Fig. ( C.3) 	 .Mean noisiness rating vs. perceived noise 
level or noise-stimulus groups tor all 
laboratory test sessions. Reference (20) 
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Fig.(C.4} 	 Mean noisiness rating ror all stimuli 
during a.11 f ield test sessions. Reference(20) 
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70 80 90 100 110 120 

NOISE LEVEL - PNdB 

Comparison of average outdoor and indoor 
acceptability-judgment curves. Combined 
takeoff- and a.Pproach- noise judgments. 
Reference (21) 
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COMPATIBLE LAND USE TABLE From Reference(l4) 

Aircraft Noise Considerations Only 

- Indicates that new construction or 
development of this nature should 
not be undertaken. 

- This particular land use may be 
PZZZAAIZZZZ/J 	 acceptable in accordance with the 

appropriate note and subject to 
the limitations indicated therein. 

- The indicated land use is not con­
sidered to be adversely affected 

r==:Jvesl._____. 	 by aircraft noise and no special 
noise insulation should be required 
for new construction or development 
of this nature. 

1. 

2. 

L 

Noise Exposure Forecast Value Over 40 40-35 "35-30 Below 3 

Response Area 1 2 3 4 

~ Land Use 

RESIDENTIAL I 
Detached and Semi Detached ,\~ 

I 
Town Houses, Garden Homes . B A~ 
Apartments B A 

PUBLIC 

Schools c 

Churches No c 

Hospitals D c 

Community 

:~ 
Centres No D 

I 

Auditoriums No D 

Libraries _tNo- N D 
I 

Cemeteries Yes Yes Yesg 



30 
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Noise Exposure Forecast Value 

Response Area 

Land Use 

3. 	COMMERCIAL 

Off ices 

Retail Sales 

Restaurants 

Indoor Theatres 

Hotels & Motels 

Parking Lots 

Gasoline Stations 

Warehouses 

Outdoor Sales 

4. 	 I NDUSTRIAL 

Fa ctories 

Machine Shops 

Rail Yards 

Sh i p Yards · 

Cement Plants 

Quarries 

Ref i neries 
I 

Laboratories 

Lumber Yards 

Saw Mills 

Over 40 40-35 35-30 Below 

1 2 3 

F E D 

F D 

C:o D D 

G D 

I 
F G 

Yes Yes Yes 

Yes Yes Yes 

Yesc Yes Yes 

K Yes 

I I Yes 

I Yes 

Yes Yes 

Yes Yes 

I I Ye·s 

Yes Yes 

I I Yes 

D Yes ­

~Yes Yes 

I Yes --iyesd 

- ·---­

4 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yesq 

Yes 


Yes 


Yes9 

Yes9 
I 

Yes~ 

Yes~ 

Yes 

I 

Yes9 

I 
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Noise Exposure Forecast Value Over 40 40-35 35-30 Below 30 

Response Area 1 2 3 4 

Land Use 

5. MUNICIPAL UTILITIES 

Electric Generating Plants 

Ga s and Oil Storage 

Garbage Disposal 

S ewage Treatment 

Water Treatment 

Wa t er Storage 

6. RECRR~TIONAL - OUTDOOR 

Ath l etic Fields 

Stadiums 

Theatres - Outdoor 

Race tracks - horses 

Race tracks - auto 

Parks and Picnic Areas 

fairg r ounds 

Golf Courses 

Beaches and Pools 

Tennis Courts 
I 

Yes '---+----' Yes .__.._...... Yes ._____.,___. 

Yes \......--4---J Yes .__.._ _.. Yes~-----

Yes.___-+-_....... Yes ......__ _. Yes..._~___. 

Yes'----+----' Yes ...__.._..... Ye s .....______ 

Yes'------+---' Yes .._...._ ..... Yes.....____...~ 

Yes ...______. Yes ~-~ ·!es ..__....._---..J 

Yes -----+--._J Yes "'--+--- Ye s .___:i---___, 

Yes '----+----' Yes ~---' Yes t____ Yes 

Playgrounds K ._____"---"~__._....... K ----~ Yes C 

Yes--~-_. Yes 

Yes 

Yesl\'B. r i na s 

C;u nping Grounds ~ H~ 
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Noise Exposure Forecast Value Over 40 40-35 35-30 Below 30 

Response Area 1 2 3 4 

Land Use 

7. TRANSPORTATION 

Highways Yes Yes Yes 

Railroads Yes Yes Yes 

Shipping Terminals Yes Yes Yes 

Passenger Terminals D Yes Yes 

8. AGRICULTURAL 

Crop Farms Yes Yes Yes 

Market Gardens Yes Yes 

Plant Nurseries Yes Yes Yes 

Tr ee Farms Yes Yes 

Li vestock Pastures M Yes Yes9 
Poultry Farms L L Yes Yes 

Stockyards M Yes Yes 

Da i ry Farms M Yes± Yes 
Fe e d Lots M Yes Yes 

I 




RESPONSE AREA 	 *COMMUNITY RESPONSE PREDICTION 


1 (over 40 NEF) 	 Repeated and vigorous indivi'dual complaints 
are likelyo Concerted group and legal 
action might be expected. 

' 

2 ( 35-40 NEF) 	 Individual complaints may be vigorous. 
Possible group action and appeals to 
authorities. 

3 ( 30-35 NEF) 	 Sporadic to repeated individual complaints. 
Group action is possible • 

4 (below 30 NEF) . Sporadic complaints may occur. Noise may 
interfere occasionally with certain 
activities of the resident. 

*It should be noted that the above community response predictions are 
generalizations based upon experience resulting from the evolutionary 
development of various noise exposure units used by other countries. 
For specific locations, the above response areas may vary somewhat in 
accordance with existing ambient or background noise levels and pre­
vailing social, economic, and political conditions. 

""'~ 
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EXPLANATORY NOTES : 

It is important to understand that the locations 
of the lines between noise zones cannot be fixed exactlyo 
It will be necessary in some specific cases, therefore, for 
the responsible public authority to make an appropriate 
interpretation of what regulations are to be made applicable. 

A. 	 A marginal zone exists near the 30 NEF ~here air­
craft noise may begin to annoy some residents. 
It is recommended that developers be made aware of 
this fact and that they undertake to so inform 
prospective tenants or purchasers of residential 
units. In addition, it is suggested that develop­
ment should not proceed until the noise environment 
is assessed and it is established what noise 
control features, if any, should be included in 
the building design. 

The developer should be made aware of the noise 
problem and he should be required to relay this 
information to all prospective tenants or pur­
chasers oi residential units. Moreover, con­
struction should not take place unless a detailed 
analysis of noise requirements is made and the 
required noise control features are included in 
the building designo 

c. 	 It is advisable that these facilities not be 
located close to the 30 NEFo However, should a 
decision be made to proceed with this type of 
development, ·it is stronqly recommended t.ha t the 
restrictions outlined in Note D be applied. 

D .. 	 These uses should not be approved unless a 
detailed analysis is conducted to determine 
the noise red~ction require ment for the 
development being considered,_ and the needed 
noise control features are included in the 
building design. 

I E. 	 When associated with a permitted land use, an 

offi~e may be located in tb is zone provided 

that all relevant factors are considered, and 

a detailed analysis is conducted to establish 

the noise reduct ion features required to 

provide a n environment suited to · the specific 

office function. 
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F. 	 This specific use may be permitted only if re­
lated directly t o aviation oriented activities 
or services . Conventional construction will 
general l y be inadequate and special noise 
insulation fea tures should be included in the 
building design. 

G. 	 Generally these facilities should not be per­
mitted in this zone4 However, where it can be 
demonstrated that such a land use is the most 
appropriate in a specific instance, construction 
may proceed provided that a detailed analysis 
is made for the development in question, and 
needed noise control features are included in 
the buklding designo 

Ho 	 It is advisable that this use not be located 
close to the 30 NEF contour. Prior to con­
struction a. detailed noise analysis is reco~1ended. 

I. 	 Many of these uses would be acceptable in all 
NEF. zones. Howeve r, an analysis should be 
conduct e d to es t a blish the leve l s of internally 
generat e d noi s e, a ccepta ble noise levels in the 
working a rea , and the deg ree of sound-proofing 
requiredo 

Jo 	 Undesir a ble if there is specta tor involvement. 

K. 	 It is recomme nded t h at serious consideration be 
given to an ana ly s i s of p ea k n oi s e levels and 
the effects of thes e leve l s on the specific l a nd 
use under considerationo 

L. 	 The construction o f covered enclosures should 
be undertaken if this use is to be permitted. 

M. 	 Re s earch h a s shown that animal s condition to 
hi gh noise l eve l so Howev e r, it is rec ommende d 
tha t p eak n o ise l eve ls be asse ssed befo re this 
use ·is allowed. 
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c 

27. 
~----- ------- --- ---- ------ ----~. ~~-..,.., -­
THIS PROGRAM CO MPUTES THE PNDB VS. TIME AND TH E EPNDB FOR AN AIRCRAF T 

c 
c FLY-BY (QR FLY-OVEk' BASEU Of AlTUAL 
c 
c PARTICULAR LOCATION ON TH~ GROUND IN 
c 
c THIS PROGRAM CO MPUTES ALSO THE UB(AJ 
r_ 
c CPNDBT-D BCAJ ),(PNDUT-DB(D)J ANO THE 
( 

c 
c 
c 
c 
c 
c 
c 
c 

MtAS UR EMtN TS TAKtN AT ANY 

TrlE AIRPORT VICI ITY. 

VS. TIME,THE AVERAGE VALUt O F 

STANDARD DEVIATIONS. 

DI MENSION DBIN(24 ,31>, DBLC (24t31>,D BLT(24,31), BNOY(24,31> 

DI ME NSION XT(24,31J,PNDBT(3 1 >,FuNC(31> 

DIMENSION ATTEN(24l , CMIC(24J , (~Jl1 0(24) ,C..T APt (24J 

DI ME NSION D8A(50) , DBD(5U) ,JIFFA(5QJ ,[)IfF D(5Q} 

DIMENSION C08A( 2 4l,CDdDC24) 

c NT = NO . OF POINTS CONSIDERED ( AT 
NT =: 3 l 

c NF = NO. OF ONE THIRD OCTAVE BANDS 
NF =24 
RE AD c5,2 oOJ (CDB A(JF) ,JF=l, NFl 

2 ·.J O FO RMAT(l6F5 . 0 ) 
READ (5, 201J CC DBDCJFl ,JF=l, NF> 

201 FORMATC16F5.0J 
READ(5,680) (C MIC(JFl,JF=l,NF> 

680 FOR 1A T ( 2t'.i·F2 . O) 
READ {5 ,6 8l) (C WIND (JfJ ,JF=l, NFJ 

681 FOR MAT (2 0F4 . 0) 
REA D (5,682) C CT.6,PECJF~ ,J F=l , NFJ 

682 FO!-\MA T ( l6F5. 0) 
RE.i-\ D ( 5 _, 6 7 9 ) ( AT Tt: f ( J F > , J F =1 , NF ) 

679 F 0 r~ i~ A T ( 2 4 F 3 • 0 ) 
DO 1 11 JF=l,NF 
READ(5,678) (DBIN<JF,lT),lT=l,NT} 

678 F 0 R ~"'. A T ( 1 3 F 6 • 0 ) 
111 CONTINUE 

ltJ R I T E C 6 ' 6 8 3 ) 

TIME INTERVALS OF 0·508 SECON DS l 

683 F 0 RM .A. T {1 H1 , 4 X , *A T T E 1 -* , 4 X , * ( M I C * , 4 X , * l "" I 1'-1 l.J -~ , '+ X , * l TAP t * I 5 X , * L) o * 
l,7X,*DB*,6X,* DG* , 7X , *DB*//} 


DO 686. JF =l , NF 

WR IT E (6,685) ATTEN<JFl , CMIC(Jfl,CWlND(JF) , CTAPECJf) 


685 FOR MA T(3X,F6.2, 3x ,F6. 2 , 3x , F6.2 , 2x , F6 . 2) 
684 CONTI NUE 

P N D 8 f"vl A X = 0 • 0 
WR IT '.: (6,17 00) 

1700 FUR~ A T C1 H l, 4 X,*I ~T~kVAL* 'j X , *P~kCe~OIS~ LEVtL* , 3X , *ud(Al* , 3X, 
l*DIFF*,4X,* DB CDl*, 3X,* DIF F* /4X,*C•j SECl*.3X,*CTONE CuRRtCT~UJ* 
2 I I) 


s u [J. /1.= 0 • 0 

SUMD - o . o 

SUMS QA= O. O 

SUMSQD=OoO 


http:FORMATC16F5.0J


28. 


DO 2 0 IT=ltNT 
TOTALA= O. O 
TOTALD= O. O 
DO 30 JF=l, NF 
CONST1=1 2 .7 
DBLC(JF,IT'=DBI N(Jf , IT l *C Oi STl+ATT EN CJFl+C MICCJFl+C WI ND {JFJ 

l+C TAPECJF) 

DBLA=D BLC( J f,JT)+C DBA ( J F} 

DBLD= DB LCCJ F ,I T )+ CD 8 D(JF) 

ANTLOG A=l O. O** CDBLA/l O. Ql 

ANTLOGD=l O. O**C DRLD/1 0 . 0 l 

TOTALA=TOT ALA +AN TL OGA 

TOT ALD=TOT ALD +AN TLOG D 


30 	 CO NTI NU E 
DBACIT}= lU . O* ALOGl O(TOT ALA) 
D8 DCIT)= lO · O*ALUG l OCT 0 TALU) 
DBLT(l,ITl= DBLCCl t ITl 

BNOY(l,ITl= ANO Y( Ub LTCl , I T ) , lJ 

BNOYMAX= bNO Y( l , lT) 

TOTAL:: O. O 

DO 40 JF=l , NF 

JF ( J f . LE . 9 . QR . JF $EQ . 24) GO TO 30 1 

X T < ..JF , I T ) =DB L C ( J F , I T > - ( 

IF< J F . GE . 16 . AND . JF 
IF< J F . GE . 1 0 . ANO. J F 
I F CJ F . GE . 21 . ANO . J F 

c 

< Ub LC ( ( J F - 1 J 

. LE. 20 > GO 

. Ll . 15' GO 

. LE. 23 ' GU 

, I T J + De LC ( ( J F + l ) , ' T ) J I 'L • 0 ) 
TO 302 
TO 3U3 
TO 303 

C THE FOLL OW I NG STE PS WILL ADD TON E CORRE CTI Or TO BAND S NU IS E LEVEL . 
( 

3 0 2 

3 U3 

DB LT(J F .IT)= DBLC(JF,JTJ+( C0 . 36* XTL.JF dT ) 1+3 . o J 

GO TO 30 4 
DB L T ( J F ,J T J =DB LC ( JF , IT J + ( ( 0 . 36-* XT ( JF ,IT> J + l . 0 > 

3 0 1 
GO TO 30 4 
DBL TC J F , ITl=D BL CCJF , IT} 

TO CO NVE RT THE DB VALUES TO NOYS 

304 

16 00 

4 0 

BN OYC J F , 1T J =A NO Y( DBLTCJ F , ITj , J F ' 
IF CBN OY<J F,I T ) . GT . b NOY1 1A X> Gu 
GO TO 40 
8NO YMAX=bNOY CJF , IT J 
TOTAL=T OT AL+ BNOYC JF ,IT) 
CONTI NUE 

ADD I NG THE NO Y VA LUES ACCORDI NG 

USI NG TAb LE FR OM K. KRYT ER . 

TO i 6 00 

TU ST EVEN ' S FOR MULA. 


S IG MNOY=BNOY MAX +C.1 5* CTOTAL - bN OYMAX ' ) 
PNDBTC I T) =4 0 . 0+( ALOG10 (S I GMN OYl/ . 03010 3) 
FU N C!I T) =l O . O** ( P ND~ T(IT> / l O . OJ 
D I F F A ( I T ) =P N DB T ( I T ) -~ Db A ( I T J 

DIFFD ( IT >=PN DBT( I T) - DBD ( I T ) 
SUMA=SUM A+DIFF A( I TJ 
SU !·-1 D= SU 110 +D I FF D ( I T l 
s u rv. so .t\ =s u, 1soA+ ( o I F F A < r T ) 1 * -*z 
SUMSOD =SUMSLlD +( DJFFD <l T ' '**2 
vJ R I T E ( 6 , 1 7 U 1 I T , P f 1Dt3 T ( I T ) , 0 b A < T J , u I F F A ( I T J , u b lJ ( 1 T J , 0 1 F F lJ ( l T J 

F ORMA T( 6 X ,I 3 , 8X · F8 . 2 , 1x , F 7 . 2 , 2x , F ~ . 1 , ~ x , F 7 . 2 , 2X , F 5 . l J 

http:PND~T(IT>/lO.OJ
http:SIGMNOY=BNOYMAX+C.15


29. 

WRITE(7,50)PNDGT(lT) 

WRITE(7,50)DBA(lTJ 

WRITE!7,50)DBD<ITJ 


50 	 FOR MATCFl0 . 4) 

I F CPNDBTCIT' . GT. PN DBMAX) GO TO 1800 

GO TO 20 


1800 PNDBMAX=PNDBT<ITJ 
I TMAX=IT 

20 CONTINUE 
c AMEAN= MEAN VALUE OF THE RECORD ED UIFFERENCE eETWEEN PNObT ANU OB(Al 

A ~EAN=SUMA/FLO A T(NTJ 

c DMEAN= MEA N VALUE OF THE RECOR DtD DIFFERENCt oETWElN PNDBT ANO Ob(OJ 
DMEAN=SU 1'1D /FLOAT <NT) 

c SI GM AA= STANDARD DE VIATION OF THE VALUES(PNDB T- DB(AJJ . 
S I GM A A =.SUR T ( ( SU 1V1 S~A I FL 0 A T ( I '~ T ) ) - A v1 t. f * * t!.. } 

c 	 S I GM A[)= ST AND ARD DE VI AT I 0 N 0 F THE VAL Ut. S ( Pi~ Do T- Db ( D ) J • 
SIG MAD=SQRT< (SU MSUD /FLOAT(NT''- DM t AI **2' 
WRIT E (6 , 1900 ) PN DbMA X 

1900 	 FO RM AT(//,4 X,*MAX PERC NO ISE LEVEL = * , F9 . 2 , 2X , *PNDB* // i 

RANGE=FLOAT(NT-l)* . 508 

M=NT 


c 
c USI . G SIMP SONS R.UU:. TO 11 TE G ATt THt. PIWbT VALUtS OVt:R TrlE SET Ti t'it TO 
c OBT AIN A Sil GLE VALUE (EFFECTIVE PERCEIVED NOISE) EPND B. 
r 
'-­

EPN DB =lO . O*ALOGlO<O~l*FSIMP<FUNC,RANGE , M J) 
WRITE(6,1901) EP NDB 


1901 FOR MAT<4X , *EFFECTIVE PERC NOISE LEVEL = * , F9 . 2 , 2X , *PNDB*//l 

WRITE(6,400'AMEAN,SIGMAA 


4 0G FOR M.l\ T(//,4 X,*MEM VALUE OF(P NDB T- UB (Al) =* , F5 . 2 , 6X , *STA NDARD DEVI 

l ATIO i'J =* , FS . 2) 


WRIT L (6 , 40l'DMEAN ,SI GMAD 

4 0 1 FOR M A T (//,4x,~-MEAN VALUC:. UF(P 1 DB T- lJb (O)) =* , F5 . 2 , 6X , *STA NDARD UEVI 


lATIO N =*,F5.2) 

c 
c PROGRAM TO PL OT THE F: EUUENCY SPE CTRU M BEFORE , AFTER Ar DAT THE MAXI MU 
c LEVEL OF NOISE OCCURED . 
,­
..... 

Yl=20 . 0 

Y2=12 0 . 0 

XMI N=l . O 

XM .t..X= 2 t+ . O 

DELTA :::l . O 

LL=IT MAX-2 

MM =IT MAX+2 

DO 25 KK=LL.' M '1 

DO 21 .JF=l, F 

X=X MIN+FLO AT (JF-l)* OEL TA 

Y=DBL C ( .. JF , K K ) 

CALL PLOTPT(X ,Y l , 2) 

CA LL PLOTPT cx, yz , 2) 

CALL PLOTPTcx,y,4) 


1 	 (")NT .1 NUE 

CAL. L OUTPLT 

CO NTIN UC: 


PROG RA, 1 TO PLOT THC Pi'JUoT VS• fl11t: OF The FL Y- u Ye 



30. 

c 
DO 2 4 I T = 1 , NT 
XX= O•? OB*FLOA T( IT -1) 
YY=PND BT( IT} 
CALL PLOTPT(Xx,yy,4J 

24 CONTI NUE 
CALL OUTPLT 
WRITE(6,555 ) 

555 FORMAT(1Hl,4X,*BAND N0 .*, 3X , *S . P .L.< DBl*/) 
DO 22 J F=l, NF 
WR IT E (6,23' JF , DBLC (J f , lTMAX' 

23 FO RMA T(6X,I3,8X,F8.2) 
22 CO NTI NUE 

WR I TE(7,556' ( DB LC(JF,IT MA X',JF=l, NF l 
556 FO RMA T( 8 Fl0.5) 

ST OP 
EN D 
FUNCTIO N FSIMP ( FUNC, RANGE, Ml 

c 
c ----------------------------------------------­
c SUB PRO GRAM FOR I NTEG RATIUf'-l USif G SI 11 PSUN ' 5 KULE . 
c ----------------------------------------------­
c 
C M MUST BE ODD 

DI MENS ION FUNC {ll 
XX= RANGE / {3 . *FLOA TC M-1)) 
AREA=FU NC Cl)+fUf C(M ) 
MM=M-1 
DO 1 I = 2 , MM , 2 

1 AREA =AREA+4 . *FUNC(I ) 
~- M=i'-'1, 1-1 
DO 2 I = 3 , MM , 2 

2 AREA=AREA+2 . *FUNC(l) 
FS I MP =.XX ·*AR EA 
RETURN 
END 
FU NCTI ON ANO Y(D,JF) 

SUBP ROGRA M TO CONVER T BANDS SOU~D P~ESSURE LEVELS TO OY VAL UES USl1 G 

DA TA FROM K· KR YT ER . 

GO T0(60l,6 02 ,6 03 , 604 , 60~ , 606 , 607 , b0b , 6U9 j 610 , 611 , 6lL , 61j , 614 , 

16 1 5~6] 6 , 617 , Gl8 , 619 9 6~0 , G~l , 62L , 6~3 , 6~4l , JF 

101 IF() . LT . 64 . 0l GO TO 666 
IFCD . GE . 64.0 . Af D . D . LT . 92 . 0 J GO TO 11 
I F <D . GE. 92 . 0) GO TO 12 

i c=. 043 Li 8 
E:-::64 . 
GO TO 777 

:;; C= 0 . 03010 
E=52 .. 
GO TO 7 7 7 

12 lF{D eL T . 6 0 . 0 i GO TO 666 
IF!D &GE. 6 0 . 0 . AND . D .L T. 86 oOl GO TO 21 
IF(D . GE . 86 . 0) GO TO 22 



31. 


21 C= . 04 0 57 
E= 60 . 
GO TO 777 

22 C=0 .03 0 1 0 
E=51. 
GO TO 777 

6 0 3 I F (D . LT . 56 . 0} GO TO 666 
IF(D . GE . 56 . 0 . AND . l.) . LT· 86 . U) GO TO 31 
IF(D . GE . 86 . 0} GO TO 32 

31 c= . 03 683 
E=56 . 
GO TO 777 

32 C= 0 .03 010 
E= L+9 . 
GO TO 777 

6 0 4 IF ( D 
IF( D 

. LT . 

. GE. 
53 . 0) GO TO 666 
53 . 0 • AND . D . LT • so . OJ GO TO 41 

lf (D . GE . 80 . 0) GO TO 4~ 

41 C= . 0 3683 
E=53 . 
GO TO 777 

42 C=0. 030 10 
E=4 7 . 
GO TO 777 

605 IF ( D . LT . 51 . 0 ) GO TO 666 
IF ( D . GE . 51. 0 . AND . D . LT . 8 0 . 0) GO TO 51 
lf( D . GE . 80 . 0) GO TO 52 

51 C= . 0 3534 
E :::51 . 
GO TO 77 7 

5 2 C= 0 . 0 3010 
E=46 · 
GO TO 1rr 

6 0 6 IF(D .LT . 48 . 0) GO TO 666 
IF<D . GE . 48 . 0 . ANL> . u · LT . 76 . 0 J GO TO 61 
IF<D .G E . 76 . 0 ) GO TO 62 

61 C= . 0 3 333 
E=48 . 
GO TG 777 

62 C=0 . 0 3 010 
E=45 . 
GO TO 777 

6 07 IF( D · LT· 46 . 0) GO TO 666 
IF ( D . GE . 46.0 • /\N D. D . LT • 74 . 0 ) GO TO 7 1 
IF<D . GE. 74 . Q ) GO TO 72 

71 C= . 0 3 3 33 
E=46 . 
GO TO 777 

72 C=Oc 03 0 10 
E=4 3 . 
GO TO 777 

,ce I F ( i) . LT· 44 . Q) GO TO 666 
I F ! D . GE . 44 . U . AND . D . LT . 75 . o l GO TO 81 
IF <D . GE. 7 5 . 0 ) GO TO 82 

1 c= . 0 32 05 
E=!+4 . 
GO TO 7 77 



32. 


82 C=Oc03010 
E=42. 
GO TO 777 

609 I F (D .LT. 42.0) GO TO 666 
I F (D .G E. 
I F CD . GE. 

42. 0 . AND. D ·LT· 
95.0) GO TO 92 

95 . 0) GO TO 91 

91 C= . 0 3 0 68 
E=42. 
GO TO 777 

92 C=0 . 03010 
E=41. 
GO TO 777 

610 IF(D .LT• 4 0 . 0 } GO TO 666 
C=0.03010 
E=4 0 . 0 
GO TO 777 

61 1 IF(D .LT. 4 0 . 0) GO TO 666 
C= 0 . 03010 
E= 4 Q.O 
GO TO 777 

612 IF (D .LT. 4 0 . Q ) GO TO 666 
C=0. 0 3 010 
E= 4 0 . 0 
GO TO 7 7 "/ 

613 IF(D eLT• 4 0 . 0 ) GO TO 666 
C= 0 . 03010 
E=4o~o 

GO TO 777 
614 IF!D ·L T~ L~O at 0) GO TO 666 

C= 0 . 0 3 0 1 0 
E=4 0 . U 
GO TO 777 

615 IF( D . LT. 38 . 0) GO TO 666 
C=0. 030 1 0 
E=3 8 . 
GO TO 777 

616 IF CD .LT• 34.Q) GO TO 666 
C=0 . 02 996 
E=3 4 . 
GO TO 777 

617 IF( D .LT. 32 . 0 ) GO TO 666 
C=0. 02 996 
E=32 . 
GO TO 777 

618 IF ( D . LT. 3 0 . 0 ) GO TO 666 
C= 0 . 02996 
E=30. 
GO TO 777 

619 IF<D .LT• 29 . 0) GO TO 666 
c= o . 0 2996 
E=29 . 
GO TO 777 

620 IF\D eLT• 2 9 . 0 ) GO TO 666 
C=- 0 . 0 29 9 6 
E=29. 
GO TC 777 

6 21 IF!D .LT. 3 0 .. 0 } GO TO 666 



33. 


C=0.02996 

E=30. 

GO TO 777 


622 	 IFCD .LT. 31. 0 ) GO TO 666 

C=0.02996 

E=31. 

GO TO 777 


623 	 I F <D .LT. 38 .0 ) GO TO 666 

IF CD .GE. 3 8 . 0 . AND . D .LT. 4 8 . 0 ) GO TO 231 

JF(D .GE. 48. 0 ) GO TO 232 


231 	 C=.042 2 9 

E=37. 

GO TO 777 


232 C= 0 .02996 

E=3L!-. 

GO TO 777 


624 JF ( D ·LT• 41. 0 ) GO TO 666 

IF ( D .G E. 41. 0 . AND . U .LT. 51. 0 ) GO TO 2 41 

IF <D . GE . 51. 0 ) GO TO 2 4 2 


2 41 	 c= •· 04 2 2 9 

E= 4 1. 

GO TO 777 


242 	 C= 0 . 0 29 9 6 
E==37. 
GO TO 777 


666 AN OY= O. O 

GO TO 99 9 


777 AN OY=l O. O**(C*( D-E)) 

999 RE TUR N 


END 
6 4 00 	 END OF REC ORD 
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2.08 1.87 2 . 00 2 . 25 1. 89 
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2e76 2 .6 6 2 . 4L 2 . 10 2.83 2 . 55 1.97 2 . 51 2 • 11 2 . 25 2 . l •.. 

1.79 1. 91 1.7 9 2 .1 6 i.su 
2 . 22 2 . 1 0 2 . 03 2 . 31 2 . 28 2 . 51 2 . 6 (j 2 . 47 2 • 2. 7 2 . 51 2 . 4d 2 . 46 2 . 7 '· 
2 .7 8 2.55 2 . 27 2 . 59 2 . 21 2 . 33 2 . 49 2 . 08 2 . 11 1 . 98 1 . 92 2 . t..U l. {L 

1.56 1 . 68 1 .4 5 1.93 le43 
1.98 1.9 0 1 . 95 2 . 37 2 . 06 2 . 32 2. so 2 . 38 2 . 40 2 . '.) 1 2.61 

2.s2 2.10 2 .4 4 2 .7 3 2 .4 1 2 . 44 2 . 58 2.33 2. 11 1.94 1 . 83 
1.54 1 . 39 1 . 31 1.74 i. 2u 
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3.34 3 . 32 2.97 3 .1 2 2 . 64 2 . 48 2 . 15 c:: . 06 

1.76 1.89 1 . 57 2 . 10 1 . 3() 

2 .18 2 . 00 2 . 16 2 . 84 2., 24 2 . 45 2 . 72 2 . 92 2 . 52 2 . 64 -;_ . 79 
3.00 2 . 92 2.56 2 . 73 2 . 21 1 . 98 2 . 18 1.88 1 . 97 1 . 64 1 . 63 

..... -
.J. • L ; 

i.21 l . 19 1 . 04 1~14 . 90 
le02 1.2 0 1 . 0 6 1 . 77 1. 4 () 1 . 69 l e 9l 1 . 88 1.92 2 . 06 2 . 26 2 . 5 - ~ 

2 . 74 2 . 58 2 • 5 (I 2 . ?~ 1 . 94 1 . 67 2 . 01 1 . 65 l . 6d l • .H 1 . 16 i . ',_) . 

. 95 . 95 • 79 . 93 . e u 
1 . 32 1 .26 1 . 44 l. b -1 1 . ~? 1.74 l . d4 2 . 10 2 . 3 t+ 2 , 57 2 . b -

3 .i 9 2 .87 2 . 69 2 .76 2 e 3L 2 . 14 2 . 30 2 . 12 2 . 01 2 . u2 2. i .. 

2 .12 2. . 0 3 2 . 05 1 . 95 2 . 01 
. 96 1 .03 .97 l e0 7 . 98 1 . 09 1 . 10 1.38 1 . 76 

2.21 2 . 0 '.) 1.97 1 . 97 l • 8? 1 . 80 1.78 1 . 78 1 . 74 
1 . 76 1 .79 1.81 l . 75 1 . 77 

. 77 .7 7 ~ 79 • d '.::> . 79 . 80 . 80 . 81 .L • ? .::: 

1.57 l • :) 8 1 . 5~ 1 . ? '.:.> 1 .57 l . 53 1 . 53 l. ~ l 

1~55 1.52 l . ?3 1.53 
. 89 . 8 9 . 8 9 . 9 1 . 8 7 . 90 . 9 6 . 96 . 8,, (} , 

• 7 "-+ 1 " 0 6 1. 3 _. 
l e 6 9 lc71 1.71 1 .6 7 l e 6 b l . 73 1 . 7 0 J.70 L.69 1 . 70 1 .. 67 11) 6 ';; 

l.7U l .6 8 le67 1 . 6 9 l . 6U 
END OF FILE 
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c 

c 

c 

c PROGRA M TO PREDICT THE OR ETICALLY THE PERCEIVED NOISE LEVE L AT VA RIU · 
c 
c Dl s TA 1\1 c Es FoR A cEr< T.A. I N A i kc k.A. FT c 1\l 0 T c u N s I L> t. K I r'l G G k u u i"\l u A T T t. 1\l u A Tl u,~ l 
c 
c BASED ON ACTU AL MEASU k EME TS R tCU R U~u AT A k E FE R ~ NCE LOCA T IO~ . 


c 

c 

c 

c 

( 

( 

c 
c 
( 

DI MENSIO N D B L(24), A IRATT( 2 4J,S D IST<40 0 J,D~LC(24>,xT<24J 


DI MENSI ON PNDBT<4 0 Q), D8 LT(24l,B NOY<24) 

DIME NSIO N 8 (1ll,A(2 0 0J 


c 
c A L T =A I R C RA F T A L T I T U DE A T ME AS UK Ef'-'I t. ~ T Lu CA T I U1\J ( F T J 

ALT=6417. 0 * TA f~ ( 2 . 5 * 0 . 0l 74 53292 ?1 99 } 
( NO= NO. OF D IST A NU::. l NCf-< EME I TS 

ND=4 00 
c Y= SIDE DISTANCE TO MEASU REME NT LOCATION (FT> 

Y=l46. 0 
( NF= NO. OF 1/3 OCTAV~ bANU S USlu IN THE ANALYSIS 

NF=2'\ 
c DE LTA= I NCREMENTS OF DISTANC E <FT) 

DE LT/\:.::1 00 . 
c D I sT= REF R E N cE DI s TAN cE ( F T J ' AT ~v H I cH Trk A I RcRAF T FLy tW f\ EA s u Kc 1"1 t.1 • 

c V.J ERE RE CORDED 
DIST=SQRT< (Y ** 2 )+( ALT **2 )) 

c DBL(J F l= 1/3 OCTA VE ~ANDS s. P.L. I 1 UE CI BE LS AS ~EA S UR E D AND AF TER 
c ADDif G VARIOUS INST RUV1 EN TATI Ot CORRE CTI Of\; S 

RE AD<:>dOJ ( DBL<JF} , JF=l, f'J FJ 
10 FOR MAT< 8Fl 0 . 0 ) 

c A I R AT T ( J F ) = l I 3 0 CT.A.VE t3 AND S AI R AT TEN UAT I 01..... Cu 1'-i S TA !'\l T I 1~ D!::. C I b ELS P t 
,... 
\... FE ET (F ROM G. M .C O L E S, RO LLS- ~0YC t LT D,u.K.> ASSUM l ~G ~ ~ u~G . F , 0 . 10 ~ 

c AND 2 9. 94 I ~J . HG. 
READ(5,20) <AI RA TT(JFi ,JF=l,N F J 

20 F 0 R ~"1 r\ T < 1·3F6 • 0 ) 
WRIT E (6,22) 

2 2 	 FORMAT ( 1H1 , 4X, *bAND N O . ~- , 4 X, *A Tf 1US . A 8 SOR P . ( Db / FT J * I i 

DO 23 J F=l, NF 

WR IT t ( 6 , 24 'J F , AIRA TT<J F i 


' > , 
L '+ FORMAT( 6 X,I 3 ,ll X, F l 0 . 6 ) 
....., '< 
L ...J CON T I I\~ U E 

DO 3 0 ID=l, f\JD 
c SD I S T= SLAN T DI STANCE PERPE DI ClJLAR TO AI RCRAf T FLI GH T PATH 

S UI ST( l D) =DEL TA*FLOA T(l D) 
( 

c T l ~ E. F 0 L L 0 vil Nl:i S Tf~ P ~ ~\I I L L Au JUS T T rH~ ts k S Lt. Vc. L r- 0 K 1 l NV t. R S t. - S l,/ UA k t. 
r 
'- AS S UM I NG F F.'. E E r I E L U C. 0 f'l U l T l u1 S ) A1 lJ A T lv10 S • At:3 S \) RI-' T l u i\J U F 1 u I S t. 

DO 40 Jr- = l , NF 
uLl L C ( J F } ::. Dci L ( -J F ) ·- ( 2 0 • *A L U G 1 0 ( S u I S T ( l D ) I LJ I S T ) 1 - ( A l K J-\ T T ( J F ; * ( SG I S T 

1( 10 )-DIST) l 

4 0 COf 'TI I UE 
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c 
C THE F0 LL 0 W I NG ST EPS wI L L ADD C0 R k EC T I UN F 0 R THE PRE SE I CE u F T(J''J ES I 1 

C THE SPECT RUM . 
DBLT(l)=D BLC (l> 
BNOY{l)=ArOY(DBLT(l),l) 
BN OY MAX=t:3NOYC1) 
TOTAL= O. O 
DO 50 JF=l, NF 
IF(JF . LE. 9 . oR . JF . Eu . 24) GO TO 301 
XTCJF)= D6 LC(JFJ-(( DBLC (JF-l'+De LC( JF +lJ J/2 . 0J 
IF<JF .GE. 16 . A, u ~ JF . LE. ~o > GU TO 30L. 
IF CJF . GE. 1 0 . ANU . J F . LE. 15J GO TO 303 
I FCJF . GE . 21 . AND . JF . LE. 23J GO TO 303 

302 D8LTCJF)= DB LC( JF )+((Q. 36* XTCJ F JJ+3 . 0l 
GO TO 304 

303 DBLTCJ F) =DBLC (J F)+ (( 0 .36*XTCJFl J+l . Ol 
GO TO 3 04 

3 0 1 D8LTCJ F> =DbLCCJF l 
3 U4 	 BNO Y ( JF) =l\l'O Y ( Ubl T ( JF J , JF I 

I F(BNOYCJFJ . GT · bNOY MAXl GO TO 1600 
GO TO 50 

1600 	BNO YMAX=BNOYCJF) 
TOTAL=T OTAL+BNO Y<JF) 

50 CONTINUE 
c 
c USING STEVE N'S FORMULA TO AlJD Th l ru y VkLU ES uF DAl'W S 

S I G fvl N 0 Y = L31 10 Y MA X + { • 1 5 * ( T 0 T A L - b \l 0 Y f''l A X J } 

IFCSIG MNO Y .L E. o. oJ SI GMNO Y= l . O 
P NDB T<I Dl =4 0 . 0 +(ALOG 1 0 CSI G~NOYl / 0 . 1 30l03) 

30 CON TI NUE 

C P R 0 GR /.>.., M T 0 P L 0 T T H E P i'J U b ( T CJ f'IJ t. l U R R t CK t: lJ i VS • S L K f~ T u I S T h N C t. 

Yl=5 0 . 0 
XMIN=O . O 
XMAX=6 0000 . 0 
DO 21 I D= l, ND ,2 
XPL=X MI N+CDELTA*FLOATCIDl J 

Y=P NDB TCI Dl 
CALL PLOTPTCX PL,Yl , 2) 
CALL PLOTPTCXPL,y,4) 

21 CO NTI NUE 
CALL OUTPLT 

c 
c 
C USING LI BRAR Y SUbROUTINl (L ES I TU F I ~D TrlE LE AST SUUAk~ FI T Uf Pul1 ~ 
C CSD I ST , PNDBTl TO A CU RVE Y= A PULU ~OM IAL UF THE lOTH . 0-~KE~ . 

c 
c 

M=l O 
CA LL LESl~ ( A , b , SD J ST , PNDb T , M, I u' 
'vJ R I T t: ( 6 , 1 4 J 

14 FOR iVAT ( lHl ' * CO-· tFF ICi tN TS CJF TH E t-JvLUJ'~U r1 I IAL (S lJIST , t-> 1' udT J*/) 

~·: R I T E ( 6 , 1 1 ) 8 
11 FOR HAT ( 2 E 2 L+ . 14) 

WR I TE ( 7 , 1 ? ) B 
12 FOR~AT(2E24 . 14l 

\'-} I I T E ( 7 <; 6 C> 9 ) t::i 
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6 69 FORMAT(7X , E24 .14) 
WR ITE(6,668) 

6 6 8 F 0 RM A T { l H l , 4 X , -*S L AN T L) I S T AN Ct. * , 1 l X , * P1w d T * , 1 3 X , * P 0 L Y N 0 lvd AL * , 5X , 
l*ABS.DIFF.*,/,8X,*(FT J* ,l7 X, *THEORY* ,12 X, *APPROXN . * ,//l 

DO 666 ID=l,ND 
X=FLOAT(lD) *UEL TA 
PPNDBT = ~(l> + B ( 2 )*(Xl+ d ( 3J* (X* *2 )+b(4)*(X**3>+b(5i*(X**4l+o (6J * {X * 

1*5 }+8 (7l* CX**6)+b(8)*(X**7 J+ 8 ( 9>* < X**8 )+o(lOJ*(X** 9) +~(ll)*(X*~ 

210) 
D IFF=P ND~T<IDl -PPNDBT 
WR IT E(6 ,66 7lX , P~ud T( IDJ , PPNUdT , uif~ 

667 FORMAT (7X, F9 . 2 ,13x, F6 . 2 ,1 3X , f6 . 2 ,1 ux ,F6. 2) 

666 CONTINUE 


STOP 

END 
FUNCTION ANOY ( O,J f) 

GO T0(6 0l , 6 0 2 , 603,604 , 6uS , 606 , 6U7 , 608 , 609 , 610 ,6 ll ,6 1~ ,61 3 , 614 , 


161 5 ,616, 617 , 6lb , 619 , 6L0 , 6Ll , 622 ' 62~ , 624i , JF 
, 6 0 1 	 I F ( D . LT . 64 . 0 ) GO TO 666 

IF<D . GE . 64 . 0 . AND . D .LT. 92 . 0) GO TO 11 
JF(D . GE . 92 . 0 l GO TO 12 

11 	 c=.04348 

E=64. 

GO TO 777 


12 	 C= 0 . 03010 

E=52. 

GO TO 77 7 


6 0 2 	 IFCD . LT . 6 0 . 0 l GO TO 666 

IF<D . GE . 6 0 . 0 . AND . D . LT. 86 . 0l GO TO 21 

I F(D . GE . 8 6. 0l GO TO 22 


21 	 C=. U4U57 

E= 60 . 

GO TO 777 


22 	 C=0.03010 

E=51. 

GO TO 777 


6 0 3 	 lf(D .LT• 56 . 0l GO TO 666 

lf(D . GE . 56. 0 . AND . D .L T. 86 . 0 i GO TO 31 

IF<D .G E. 86 . Ul GO TO 52 


31 	 C=. 03 683 

E=5 6 . 

GO TO 777 


32 	 C=0 . 030 10 

E=49 . 

GO TO 777 


6 04 	 IF(D . LT . 53 . 0l GO TO 666 

IFCD . GE . 53 . 0 . AND . D . LT . bO . Oi GO TO 41 

IF<D .G E . 80 . 0 J GO TO 42 


41 	 C= . 03683 
E=53. 
GO TO 777 


42 C==0 . 03010 

C: =47 .. 
GO TO 777 

6 0 5 	 IFCD @LT. 51.0J GO TO 666 

I f{IJ . Gr.: e 51&0 . A: u . u "' L T . bU . UJ lJO TO 5i 

lF { D . GE . 80 . 0 ) GO TO 52 
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51 C= . 03534 
E=51 . 
GO TO 777 

52 C=0 . 0 3 0 10 
E=46 . 
GO TO 777 

60 6 ! F < D . LT . 48 . 0) GO TO 666 
I F <D . GE . 48 . 0 • Al D. D . LT . 76 . 0 ) GO TO 61 
I F <D . GE . 76 . 0) GO TO 62 

6 1 C=.03333 
E=48 . 
GO TO 777 

6 2 C=U. 03010 
E=45 . 
GO TO 777 

6 (J 7 IFCD · LT • 46 . 0) GO TO 666 
IF CD . GE . 46 . 0 • AND . D . LT. 74 . 0) GU TO 71 
I FCD . GE . 74 . 0) GO TO 72 

71 c =.03333 
E= 4 6 . 
GO TO 777 

72 C= 0.030 10 
E= 4 3 . 
GO TO 777 

608 IF (D . LT . 44 . 0) GO TO 666 
IF( D . GE . 44 . 0 • AND . D . LT • 75 . 0) GO TO 8 1 
IF(D . GE . 75 . 0) GO TO 82 

81 c= . 03205 
E=4 4 . 
GO TO 77 7 

82 C=0 . 03010 
E=4 2 • 
GO TO 777 

609 IFC D . LT . 42 . 0) GO TO 666 
IF( D . GE . 42 . 0 . AND . D . LT . 9 5 . 0 J GO TO 91 
IF< D . GE . 95 . 0/ GO TO 92 

91 C= . U3U68 
E=42 . 
GO TO 77 7 

92 C=0 . 0 3010 
E=41 . 
GO TO 777 

61 0 IFCD eLT • 40 . 0 ) GO TO 666 
C=0 . 030 10 
E::;4Q.O 
GO TO 777 

611 IF ( D . LT . 4 0 . QJ GO TO 666 
C=0 . 030 1 0 
E==40.0 
GO TO 777 

6 1?J.. L IF ( D . LT · 40 . Q) GO TO 666 
C=0 . 03010 
E:=4U. U 
GO TO 7 -7-,

I I 

613 lF(D LT · L+O . J } GO TO 666 
C=0.0 3 0 10 
E=40. 0 
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GO TO 777 
6 1 4 ! F (D .LT• 40.0) GO TO 666 

C= 0 . 0 3010 
E=40 . 0 
GO TO 777 

615 If( D .LT. 38.0} GO TO 666 
C=0. 0 3010 
E=38. 
GO TO 777 

616 IF(D .L T. 34 . 0) GO TO 666 
C=0.02996 
E=34. 
GO TO 777 

617 I F ( D . LT. 32 . 0 ) GO TO 666 
C=0.02996 
E=32. 
GO TO 777 

618 I F(D eL T . 30 . 0 ) GO TO 666 
C=0. 02 996 
E=JO. 
GO TO 777 

619 lf (D .LT. 29.0) GO TO 666 
C=0.02996 
E=29. 
GO TO 777 

62 0 IF(D .LT• 29.0I GO TO 666 
C=0.02996 
E=29 . 
GO TO 777 

621 IF(D . LT . 30 .0) GO TO 666 
C=0.029 96 
E=30 . 
GO TO 777 

622 IFCD .LT. 31.0) GO TO 666 
C= 0 . 02 996 
E=31. 
GO TO 777 

623 IFCD .LT. 38 . 0 } GO TO 666 
lF(D . GE . 38 . 0 . Ai\ID . D .L T. 48 . 0) GU TO 2 31 
IF ( D • GE .. 48.0) GO TO 232 

231 C=. U4229 
E=37 • 
GO TO 777 

232 C=0.02996 
E=34. 
GO TO 777 

624 IF(D .LT. 41 . 0 ) GO TO 666 
lf (D .G E. 41. j • . £\ND. D . LT • 51 . 0 ) GU TO 241 
IFC D . GE . 51 .. Q) GO TO 242 

241 c= . 0 4229 
E='+l. 
GO TO 777 

242 c==o. 0 2996 
E::..: 3 7. 
GO TO 777 

666 A OY= O. O 
GO TO 999 
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7 7 7 ANOY = l O.O** (C * ( D- E )) 

9 99 RETU RN 


E D 
END OF RE COR D 

66. 2670 0 6 7. 537 00 67 .7 91 0 0 7 3 . 379 0 0 78 . 332 00 7 7. 316 00 68 . 80 7 00 73 . 2 5 
76. 8 0 800 7 3 . 63 3 0 0 71 . 855 00 74 . 0 140 0 75 . 9 1900 73 . 1 2500 76 . 55400 79 . 8 5 
84 . 12 00 0 8 5 . 454 00 10 2 . 9 9000 9 9 . 944 00 85 . 6 8200 79 . 8 380 0 74 . 6 46 0 0 6 7 . 54 

o . o o o oo . ooooo . 0 0 000 . 00000 . o o ooo . o oo o o . ooooo . oooo c . o ooo o . oo oo o . cooo o . o oo o o . oo o 
o . ooo s o . 0 0 100 . 00 1s o . 00 2s o . 00 390 . u o 61 0 . 009 6 0 . o l45 o . 021 so . 03 00 . 04 0 0 

END OF F l l t 

CD TOT 029 7 

http:021so.03
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c 
c PROGRA i"'i TU PLCJT THE EXPE.R I i·IEN TAL Pr'4Ub vs. Do (A J Ai~iJ TU FI Nu THc 
c 
c LEAST SQUARE FIT OF THE DATA 
( 

c 
c 

Dir'1EN SIOi HORIZC3) ,vE RT(3 ) ,TITL E (3) ,PND6( ll:'.9) ,lJ[jA(L29) ,LJbtJ( 129> 

DI MENSIO N 8 (2),A(8) 
DATA VERT/l OHPERCE IVl D ,l OHNU I SE LcVE,lOHL (PNlJ[j) I 
DATA HORIZ/lOHSOU ND PRES ,l OHSURE LEVEL,lOH U~(Al I 
DATA TITLE/l OHEXP ERIMENT,l OHAL PNtJ[j vs,10H D~ (AJ I 

c 	 NP=NO. OF TEST POINTS 
NP=l29 
DO 10 I=l,NP 
READC5,ll)PN08(1) 

11 FOf<MAT<Fl O. O) 
READ( 5 '12) DBtd I) 

12 FORMAT(Fl0. 0 ) 
RU\ D ( 5, 13 ) DB D < I ) 

13 FORMATCFl O. O) 
10 CONTINUE 

c 
c USING Ll tjRAR Y SU8ROUTINE LESLl TU F i i lJ THc LEAST S\JAkl::: FIT uF Trlc uATA Tl. 
c S TRAIGHT LI NE PNDB=B(ll+8(2J*(DBAJ 
c 

M=l 

CALL LESQ(A,B,D8A,PND8,M, NP > 

lt/R IT E C 6, 14) 

14 FORMAT<1Hl,6X,*CO-EFFICIENTS OF THE POLONO MIAL<DB(AJ,p NDB* //l 
i • .v R IT E ( 6, 15 > B 

15 FORMA T< 4X ,2El5.6,///) 
c 
C USING THE BENSON-LEHl\iER PLOTTE r< RuU TI 1 tS 
c 

CALL DATE<THEDATEl 
CALL LETTER (6,.25,90.,6.u,3.Q,6 HGIUAMYl 
CALL LETTER<1 0 ,.z5,90.,7.o,3.o,THEDA TE) 

C A NEW ORIGIN 
c 

CALL PLOT(l O. o ,2. o ,-3J 

YMAX=l4 0 . 

YMIN =60. 

XMAX=l20 . 

XMIN=60. 

XSCALE=(l2 0 . 0-6 0 . 0 )/6.0 

YSCALE=(l4 0 ~ 0 -6 0 .0l/ 8 e 0 

V=60. 

vJ=6 o. 

CA l L PL T I N ( XS C .l\ LE , YSC ALE , V , vJ , X1.:1 I N , X 1vl AX , Y ~ I 1 , Y1»11AX J 


c 
C TO PLOT THE BOUNDERIES OF THE GRAPH 
c 

CALL PLOT<6·u~ O e U , 2 } 
CA~ L PLOT(6.o , a ~ u , 2J 

CALL PLUT(o . 0 , s . 0 , 2) 
CALL PLOT(u.o , u . 0 , 2) 
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C TO LABEL AXES 
c 

CALL LETT ER (3 Q,.12, o . o ,1. o ,-o .75, HURIZ) 
CALL LETTE R(30 ,.1 2 ,9 0 .,- o . 1s , 2 . o , v~R T' 

CALL LET TER(30 ,. 25 , o . 0 , o . u ,- 1 . 5 ,TI TLE' 
c 
C TO CONSTRUCT A GRID PA TTE RN 
c 

XG= O.O 

YG=o.o 

DE LTAX=l. O 

DE LTAY=l. O 

ID ELX= O 

ID ELY= O 

NV =5 

NH =7 

CALL 	 GRIDGS(XG,YG, DELTAX , DE LTAY,ID ELX,IDELY,NV, NH ) 

c 
C TO PLOT NUMBERS ON AXIS 
c 

CALL LETTc R ( 3 , 0 elL, Q. o ,-. 12 ,- o . i5 , Jh 6 
CALL LETT ER (3, o .1 2 , o . o , 0 . s8 , - U . 25 ,~ H70 

CA LL LETT ER ( 3 , o .1 2 , o . o , 1 . 88 ,-0. ~5 , jH80 

CAL L LETTc R (3, o . 12 , o . o , 2 . sd , - 0 . 25 , 3H90 ) 
CAL L LETTER(3, o .1 2 , o . o , 3 . se ,-o . 25 , 3H100) 
CAL L LETTER(3, o . 12 , o . o ,4. se ,- o . 2s , 3H110 ) 
CAL L LETTE R (3, o . 12 , o . o , 5 . 88 ,- 0 .2 5 , 3Hl20) 

c 
CAL L LETTER(3, o .12, o . o ,- o . 5 ,-. 06 , 3H60 
CAL L LETT ER (3, o .1 2 , o . o ,- u . s , o . 94 , 3 n 70 
CALL LETTER(3, o . 12 , o . o ,-o .5,1. 94 ,3 H80 j 

CALL LETTER(3, o .1 2,o . o ,- o . 5 , 2 . 9 4, 3H90 ) 
CALL LETT ER ( 3 , u . 12 , o . o ,- u . 5 , 3 . 94 , 3Hl OOl 
CALL LETT ER(3 , o . 12 , o . o ,- o . 5 ,4. 94 , 3HllO) 
CAL L LETTE R ( 3,o . 12,o . o ,- o . 5 , 5 . 94 , 3Hl2Q) 
CALL LETT ER (3, 0 el2, o . u ,- o . 5 , 6 . 94 , 3Hl30) 
CAL L LET TER ( 3 , o .1 2 , o . o ,-o . 5 , 7 . 94 , 3H 4Q) 

c 
C TO PLOT THE EXP . DA TA POI NTS 
c 

DO 2 0 I=l,NP 
XD=D BA CI} 

YD=P NDB( l) 

CA LL U ITT O(X D, YD,XP , YP) 

CALL GRAF (x p ,y p , u . 12 , 3HCIRJ 


2 0 	 CO NT INUE 

CALL P LOT ( O. u , o . 0 , 3) 


c 
C TO PLOT THE LEAST SQARE FIT LI NE 

\•JR IT E ( 6 , 31) 
31 	 FOR MA T(1Hl,6X,* Do ( A)* , 6X , *PND8* ,/ /J 


DO 30 J=6 U'120 d 

Db=FLOAT(J) 

Pf\:=8< 	1)+8( 2hDt3 
\\1R IT c ( 6 , 3 2) DB, P 


32 FORMA T (6X , F6 . 2,5X,f6 . 2} 


http:88,-0.25
http:LETTER(3,o.12,o.o,0.s8
http:LETTER(30,.12,90.,-o.1s
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CALL UNITTO(D B,P N,xx,yy > 
CALL PLOT(XX,YY,2) 

30 CONTI NUE 
CALL PLOT<x,y,999) 
STOP 
EN D 


END OF RECO RD 

END OF FILE 


CD TOT 0124 
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c 
c PROGRAM TO PLOT THE EXPE REMI TAL UATA(PN~c VS• SLANT UI S TAN CE J 
c 
c AND PLOT THE DEVELOP ElJ PO LYJ'-W1dA L 
c 
c TAK EOFF 

DI MENSIO N HORIZ(4) ,VE RT(3' dlTU:: (3' 
DI MENSIO N X(26),Y(26), PN 0 ~ ( 26 l , SD ( 2 6l,TH~TA(26),R A TI0( 2 6J 

DI MENSION 8 (11) 
DATA HO RIZ/l CJ HSL AN T PERP ,l OHE1 DIC ULAR ,1 0HDIST Al'K E ( , 8H FT) I 
DATA VE RT/l OHPERCEIVE D ,l QHNO I SE LEVE,lOHL ( PNO dl I 
DATA TITLE/l OH ,1 0H - PN DB vs,lUH DISTANC E I 
WR IT EC 6, 9) 

9 	 FORMATC1 Hl,2X,*TEST N0*,2X,* X(FT)*, 2 X,*YCFT)*, 2X,*H(FTl*,2 X, * SD(f 
1 T ) *, 2 X, * RAT I0 (HI Y )*, 2 X, * T Ht TA -* , 2X,* P1 ;L>d *,I I J 


NP=26 

DO 1 0 I=l, NP 

REA DC5dl)X(!) 

READ(5dU Y(l) 

READC5,ll) PNDB CI) 


11 	 FOR MAT(FlU. 0 ) 
IF(X(I) .LT. 6750. 0 l GO TO 12 

C H IS TH E H~ I GH T OF THt AIRCRAF T AouV ~ GRU UNU b AS Eu U1 ~ THt AUu PTtu TAKt uF 
C PROFILE (1 0 0 PER CEN T GWT .J FO R 2 ENG I NES J ET AI RCRAFT. 

H=-929.2 0 79 21 0 +0 . 152475 2 47 5 *X(Il 

GO TO 13 


12 H=(X( I )-4 000 . 0 l/2.75 

13 	 S D(I)= SLlkT (Y {l )** 2+H ** 2 l 


RATIO(l)= H/Y(Il 

THETA( I l =ATAN(RA TiO( I J '*'::i7. 295 78 

WR I TE(6,1 41 I,X(l),y{ I '' H , SD { JJ, kA TIO ( I l ,T HE TA{Il, p DB (I J 


14 F ORMA T(4x,1 3 ,4x,F6. o ,1 x , F 5. o , 2x ,F~. o , 2x , F6 . 0 ,2X, F9 . 4 , 2X , F 7. 3 , lX , 


1 F6. 2 ,/l 

10 CON TI NUE 


c 
CALL DAT E (T HEDA TE) 
CALL LETTE R(6,.25, 90.,6. Q,5. Q,6 HG 1uAMYJ 
CALL L E TT ER <1 u ,.~5,9 0 ., 1 . u , 3 . u ,T H ~ 0 A T ~' 

CALL PL OT(l O. o , 2 . o ,-3J 
c 

Y MA x~1 3 0 . o 

YMI N=7 0 . 0 

XMAX =9 00 U. 

XMiN =O. O 

XSCALE= (X MAX - XMI Nl /9. 0 

Y S C ALE =(Y~AX -YM I N ) /6. 0 

v= o . o 

W=7 0 . u 

CALL P L. T I N ( XS C,ti, L E , Y SC AL E , V , v; , X1' 11 I 1 , XI·' AX , Y ,v, If , Y/'It AX ) 


c 
CA LL PL0T ( 9. o , o . o . 2 ) 
CALL PLOT ( 9 . 0 , 6 . 0 , 2) 
CALL PLO T( 0 . 0 , 6 . u , 2 ) 
CALL PLOT ( Q. u , Q. Q, 2 ) 

CALL LET TER ( 40 ,. 12 , o . u , 1 . o ,-. 75 , HOR IZ) 

CALL LE TTE R( 30 ,. 12 ,90 0,-. 75 i ~ o , vt:R T ) 


CALL LETTE R ( 30 , . 25 , o . o , o «o , - 1 . 25 , TITLE} 


http:900,-.75
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c 
C TO CON ST RUCT A GRI D PATT ERN 
c 

XG= O. O 

YG=o. o 

DE LTAX=l. O 

DE LTAY=l. O 

ID ELX= O 

ID ELY=O 

NV =8 

NH =5 

CA LL GR I 0 GS ( X G , Y G , DE L TAX , UE L TAY , I Uc LX , I LJ ELY , NV , i'-J H ) 

c 
CALL LETTER(1,.12, o . o , o . o ,-.3,1 Ho ) 

CALL LETTE R (4,. 1 2, o . o , o . 7 ,-. 3 ,4 H100 0) 

CALL LETT ER (4,.1 2 , o . o , 1 .7,-.3, 4H200 0) 

CALL LETT ER (4,.1 2 , u . o , 2 . 7 ,-.3,4 H30u0 J 

CALL LETT ER (4,. 12 , 0 . o , 3 .1,-. 3 , 4H 4 000 > 

CALL LETTE R (4,.1 2 , o . o , 4 . 7 ,-. 3 , 4H5000 > 

CALL LETT ER ( 4 ,.12, o . o , 5 . 7 ,-.3, 4H600 0) 

CALL LET TER (4,.1 2 , o . o , 6 . 7 ,-. 3 , 4H 7 000 ) 

CALL LETTE R (4,.1 2 , o . o , 7 . 7 ,-. 3 , 4Haooo l 

CALL LETTER(4,.1 2 , o . o , s .7,-.3, 4H9000 ) 


c 
CALL LETTE R (3, o . 12 , o . u ,- o .5,-. o6 , 3H 7 0 
CALL LETT ER ( 3 , o . 12 , u . 0 ,- o . ~ , u . 94 , 3Hti0 J 

CALL LETTE R (3, o .12, o . o ,-o . 5 ,l. 9 4, 3H9 0 ) 

CALL LETTE R (3, o . 1 2, o . o ,-o . s , 2 . 9 4, 3H100 i 

CALL LETTE R ( 3 , o . 12 , o . o ,-o . 5 ,3. 94 , 3HllOJ 

CALL LETT ER ( 3 , o .1 2 , o . o ,-o . 5 , 4 . 94 , 3Hl20 ) 

CALL LETT ER(3, o .1 2 , o . o , -o .s,s. 94 , 3H l 30 ) 


c 
DO 2 0 I=l,NP 

XD=SDC!) 

YD=P ND B(I) 

CAL L UN ITT O (X D, YD ,x P ,Y P ) 

IFtRATI O(I) ·LT· 0 .1763 ) GO TO 21 

CAL L GRAF(X P ,Y P , o .12, 3H C IRJ 

GO TO 22 


21 CAL L GR AF <xp ,y p , o .1 2 , 3HSQR) 

22 CO NT I NUE 

20 CO NT I NUE 


CALL P LO T (0 . 0 , 0 . 0 , 3) 

CALL GRAF(6 . o ,-o . 78 , o . 12 , 3HC I RJ 

CAL L GRAF (6. 0 ,-0 . 60 , 0 · l2 , 3HSQRI 

CALL LETTER ( lU , U. 0 6 , o . o , 6 . 25 ,- 0 . 78 , lOHE LEV ANGLE ' 

CA LL LET TER ( lo , o . 06, o . o , 6 . 25 ,- 0 . 60'10HELEV Ai 1 GLEJ ' 

CAL L MA TH(7. o ,-0 .7 8 , o . 12 , o . o , 5HGTHAN) 

CALL MATH (7. 0 ,- o . 60 , o . 12 , o . 0 , 5HLTH AN ) 

CALL LET TER ( l0 , 0 . 06 , o . o , 7 . LQ ,-0 . 7d , lOH 10 DE G. 

CALL LETT ER(l Q, Q. 06 , 0 · 0 , 7 . 20 , - 0 . 60 , l OH 10 O~G . 


c TO PLO T THE POLYNO~ I AL PNOci = k +8X+C(X**2l+ ••••••••••••• ~•v• c 
REA D( 5 , 80} (8 ( ~C ), JC=ldll 

80 FOR M ~ T ( 5El5 . 6) 

ND = 9 0 
X= 3 0 0 . 

PPN B T=B ( lJ+~ ( 2)*(X)+o ( 3J*{X**2J+o(4J* ( X**3 J +o ( ~l* < X* *4J +o(6J * ( A* 
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1* 5 )+8(7)* (X**6)+~(8)*(X**7J+b{9)*(X**b)+c(lO)*(X**9)+o(ll)*(X** 

21 0 ) 

CALL UNITTO(X,PPNDBT,XPP,yPpi 

CALL PLOT(XPP,yPP,3) 

DO 666 ID=3,ND 

X=FLOAT(I D>*lOO.O 

PPNDBT=B<l>+B(2)*(X)+b(3J*(X**2'+o(4)*(X**3J+b(5J*(X**4J+ci(6i*(X* 

1*5)+8(7)* (X**6)+8(8)*(X**7'+ 8 (9)*(X**8}+ci(lOJ*(X** 9 J+o(llJ*<X** 
21 0 ) 

CALL UNITTO(X,PPNDBT,XP,yp) 

CALL PLOT(Xp,yp,2) 


666 CONTINUE 

c 

CALL PLOT< 0 . 0 ,-1.25,3) 

CALL PLOT(0 .5,-1. 25 , 2} 

CALL PLOT( Q. 0,0 . 0 , 3) 

CALL GRAF(O. o ,-1.o,.12,3H(IRJ 

CALL GRAF(o.5,-1.o,.12,3HS QR ) 

CALL LETTER<1 0 ,.12,o. u ,.75 , -1.31, 1orlDEVcLOPtO J 


CALL LETTER(l u ,.12,0. 0 ,.75,-1. 06 , lOHEXPERIMENTJ 

CALL LETTER<1 0 ,.12,o. o ,7.1,4.4,10HTAKEOFF ) 


c 
CALL PLOT<x,y,999) 

STOP 

END 


6400 END OF RECORD 

END OF FILE 


CD TOT 0143 
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c 
c 
c 
c PR 0 GR AM T0 PL 0 T Trl E Eu UAT I 0 I S U EV EL0 P E D F 0 K Tri E E P 1~ DE:3 VS • lJ I S T A 1 Ct 
c 
c POLYNO MIALS PA,PB , PC A D PD . 
c 
c 
c 
c TAKEOFF 
c 
c 

DIMENSION XP(2 0Q),PAP(2 00 ) , pBP<ZOO) , pCP(2QO) , PDP(200) , ppp(200J 

DI MENSIO N HORIZ(4) ,vE RT<3) dlTLE(3> , vERT2(4) 

DI MENSION DELTAC3),8(11) 

READ( ~,so} (B( JC) , JC=l dl) 


80 	 FORMAT<2E24 . 14) 
DATA HO RIZ/l UHSLANT PE RP , lO HENDICULAR , lOHDISTANCE ( , 8HFTl I 
DATA VERT/l DH PERCEIVED , lOHNUlSE L~VE , lOHL <PN0B) I 
DATA TITLE/l OH , 10H EPNU~ vs , lOH UISTAf CE I 
CALL DATE<TH EDATE) 
CALL LETTER(6,.2s , 9o ., 6 . U, 3 . Q, 6HGIUAMY) 
CALL LETTERc1 0 ,. 25 , 9 0 ., 7 . o , 3 . o,THE OAT E ) 
CA LL PLOT(l 0 . 0,2 . 0 , -3> 
CALL LETTER<4 0 ,. 12 , o . o , 1 . u , - . 75,HoRIZ) 
CALL LETTER<3 u ,. z5, o . u , u . o , -1 . 25 , r1TLEJ 

C 	 TO DRAW HORIZ ON TAL GRIO LINES 
CALL PLOT( 0 . 0 , 0 . 0 , 3) 
DO 704 IG=l ,J.3 
YG=FLOATCIG-ll*0 . 5 
CALL PLOTC9 . Q,yG , 2) 
YGG=FL JA TCIG)* 0 •5 
CALL PLOT(J . u , yGG , 3) 

704 CONTINUE 
c 
c 	 TO CONSTRUCT LOGARITH MIC VERTICAL GRID LINES 

XCYCLE=3 . 0 
NC=3 
YCYCLE=6 . 0 
XST .l\RT=lO O. 
DEL TAC 1) =l UO . 

DELTA(2)=1 UOO . 

DELTA(3)=10000 . 

DO 777 IC=l, i\l C,l 

DO 888 IC O lN T=ld Od 

XDD =DELT A( I (} *F LO AT( ICO U ' T J 

XPP=XCYCL E*ALOG l OCXD D/X S TART ) 

CALL PLOTC XPP , 0 . 0 ,3) 

CAL L PLOT<XPP , YCYCLE,2) 


8 88 CONTI NUE 
777 CONTI NUE 

CALL PLOT(- 0 . 2 , - 0 .3,3) 
CALL L ET T ER (6, o .1 2 , o . o ,-.~,-. 3 , 6HlOO 

CALL LE TT Ef~ (6, o . 12 , o . o , 2 . 7,-.3,6 HlOOO 
CAL L LETT ~ R (6, a . 12, o . o , 5 . 7 ,-. 3 , 6HlOO OO 

CAL L LETT ER (6 , 0 ~1 2 , o . o , b . 7 , - . 3 , 6HlOOOO 
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CALL LET TER(3 , o .12, o . o ,-o. 5 , 0 .44,3 H30 

CALL LETTER(3,o.12, o . o ,- o . 5 , o . 94 ,3 H40 ) 

CA LL LETTER(3,o . 12 , o . o ,-o . 5 , l .44, 3H50 

CA LL LETT~R(3, o .1 2 , o . o ,- o . 5 , 1 ~ 94 , 3H60 


CA L LETTE R (3, o . 12,c . o ,-o . 5 , 2 .4 4 , 3H70 

CA LL LETTER(3, o . 12,o . o ,-o . s , 2 . 94 , 3H80 

CA LL LETTER(3, o . 12 , o . o ,-u . 5 , 3 . 44 , 3H90 

CALL LETTE R(3,o.12, o . o ,- o . 5 , 3 . 94 , 3Hl00) 

CALL LETTE R (3, o . 12,o . o ,- o .s,4. 44 , 3HllO) 

CALL LETT ER(J,o .1 2,o . o ,- o .s, 4 . 94 , 3H120J 

CALL LETT ER (3, o . 12,o . o ,-o .5, 5 .44, 3hljQ ) 

CALL LETTER{3, o .12, o . o ,-o . 5 ,5. 94 ,3 H14o> 


c 
WR IT c ( 6, 2 U 

21 FOR MA T(lHl,3X,*COUNT*'4X,*UISTANC~*'4X,*PNDb*'6X,*POLY(AJ*,3X, 
l*POLY<B)*,3X,*PCLY(Cl*,3X,* PULY(DJ*,//1 


CP B= 3 0 . 0/ALOG10(50 . Q l 

CPC=4 0 . 0 /ALOG1 0 ( 50 . Q) 

X=l80. 

DO 300 L=l,4ld 

X=X+ 20 . 

PAP ND8 =8(1)+8 ( 2)*(Xl+8 (3)*(X** 2 )+ b ( 4)* (X**3)+ci(5)*(X**4J+b(6)*(X* 

1*5> +8(7 )* (X**6)+8(8)*(X**7J+b(9J*(X**8)+b(lO'*<X**~'+b(ll'*<X** 
210) 

PAEPNL=PAP ND8 +( 4 . 0*ALOG10 (XJ>-16.0 

PBE PNL=PAEPNL 

PCE PNL=PAEP NL 

PDE PNL=PAEP NL +4. 0 

XP<L>=XCY CLt*A LOGl O(X/XSTARTJ 

PAP(L)=(P AEPN L-20. 0l /20.0 

PBP(L J=( PclEPNL - 20 . 0 l/20 . 0 

PCP( L )=( PCEPNL-20 . ol 12 0 . o 

PDP( L )=(P DEPNL - 20 . 0 )/20.0 

PPP ( L J.= ( PAPNDB - 20 . 0 } / 20 . 0 

WR I T E (6,5 00 )L,X,PAPNDb,PAlPN L,PbEPNL,PCEPNL,PDEP~L 

500 FORM AT(4x,14,4x,Fs.1,4x,F6.2,4x,F6.2,4x,F6.2,4X,F6.2,4X,F6.2l 
3 00 . CONT I NUE 


X=l OOO . 

DO 301 L-4 2 , 87d 

X=X+ 200 . 

PAPN D B=B (l}+B(2)* ( X)+b(3J*(X**2l+d{4)* { X**3)+~(~>* ( X**4 '+ b(6)*(X* 

1*5)+8 (7}* <X**6J+ 8 ( 8 )*(X **7l + 8 (9) * (X **8)+8( 1Ql * (X**9)+ ~ (ll) *<X** 
210) 

PAEPNL =PAP NDB +(4. 0*ALOG10 (Xl l-16 . 0 

!F(X . GT . 2 000 .J GO TO 302 

PBEPNL=P;.-\EPt L 

PCEPNL=P/\EP NL 

PDEPN L=PAEPNL+4.0 

XP(L)=XCYCLE*ALOGlQ(X/XSTARTJ 

PAPCL)=(PAEPNL-2 0 . Q)/20 . 0 

PBP(L)= ( PBEPNL-20 e OJ/20. 0 

PCP(L J=CPCEPNL -2 0 . 0) /2 0 . 0 

r DP <L l =(P DEPNL -2 0 . 0)/20 . 0 

PPP(L l =(PAPNDB ~2 0 e O J/2 0 . 0 
GO TO 306 


302 PBEPNL=P/\EPNL-( CPB-ltALOG lO(X/20 0') .) J 


PCEP i:L.. =PAEP N L-(CPC~-ALUG lCJ(X/ 2000 . ) J 

http:FORMAT(4x,14,4x,Fs.1,4x,F6.2,4x,F6.2,4x,F6.2,4X,F6.2,4X,F6.2l
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30 6 

3 0 1 

( 

c 
c 

40 0 

4 02 
c 

4 0 3 

PDEP NL=PCEP NL+4. 

XP(L)=XCYCLE *A LOGl O{X/XST ART ) 

PAP(L)=CPAEP NL-2 0 . 0 )/20. 0 

PBP(L)=(P BEP NL-2 0 .l/ 20 . 

PCPCL)=(PCEP NL -2 0 .l/ 20 . 

PDP(L}=CPDEPNL-20.)/20. 

PPP(L)=CPA PNDB - 20 . Q}/ LO • O 

CON TINUE 

WRITEC6,50 0 lL,X,PAPNDB,PAEPNL,PBEPNL,PCEPNL,PDt::PNL 

CON TINU E 

X=l OOOO . 

DO 303 L=88,113,l 

X=X+2 UOO . 

PAPNDB= B(ll+ B(2} * (X}+ B(31*(X**2)+8(4)*(X**3l+BC5)*(X**4>+ci(6) * (X* 


1*5)+8(71 * CX**6)+ 8(8 l * CX**7 ) +8 ( 9 l*<X** Sl +B(lO)*(X * *9>+ B(lll*(X** 
21 0 ) 

PAEPNL=PA PNDB +(4. 0*ALOG10 CX)l-16. 0 
PBE PNL=P AEPNL -(CP B*ALOGlU (X/20 00 .J) 
PCEP NL=P AEPNL-(C PC*ALOGlO CX/200 0 .>) 
PDEPNL=PCE PNL+4 . 0 
X P (L)=XCYCL E*A LOGlO (X/X~T A~ TJ 

PAP(L)=(PAE PNL -2 0 .)/2 0 . 

PBPCL)=(PBEPNL-20.)/20• 

PCP(L)=(PCEP NL -2 0 .l/2 0 . 

PDP (L)=(P DEPN L- 20 .)/2 0 . 

PPP(L)=(PAPNDB - 20~ l/ 20 . 
WR I TE ( 6 , 5 U 0 l L , X , PAP ND B , PA t. P NL , PB t:: Pi'J L , PC E Pt . L , PDE PNL 

C NTI NUE 


TO PLOT THE GENERA TED POLY1 OMIALS PA , Pl:) , PC , PO . 

CALL PLOTCX P Cll,PAP(l),3) 

DO 400 L=l,113 

CALL PLOTCXP(L},PAP(Ll,2) 

CON TI NUE 

CALL PLOTCXP(l},pBP(lJ,3J 
DO 4-02 L=l,113 

CALL PLOT<XP(Ll,PBP(Ll,2) 

CON TI NUE 


CAL L PLOT CXP (l),p(p( ll , 3) 
DO 403 L=ldl3 

CALL PLOTCXP ( L l, PCP(Ll , z) 

CONT I NUE 


CALL PLOT CX P <J.) ,P UP ( l) , 3) 
DO 404 L=l,113 
CAL L PLOT(XP(L),PDP(LJ,Z) 

404 CON T INUE 
c 

CALL PLOT (- 1 . 0 , 1 . 0,3) 
DATA VERT2/1 0HEFFEC TI\/E d OHPE RCEIVED dOH OISL LEVEdOHL <EP l'lDBl 

l I 
CALL LETTER(40~0.12,9 0 . o ,- 1 . o , 1 . o , JERT2) 

c 
CALL PLOTcx , y,999) 
STOP 
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END 
6400 END OF RECORD 

.13161460 424089E+03 

.35698 0 l0908113E~os 

.2 0 43315632 0 15 0 E-13 

.1735773 4742231E-22 

.242 0 265646 2 74 0 E-32 

.28852 20 0 541228E-43 

-.199 07127074528E-Ol 
-. 3Sl21113387752E-09 
-.743202140j4215E-18 
-.260203330 9 3783E-27 
-.127 16742804092E-37 

CD TOT 0181 
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c 

c 

c 

c P R 0 GR AM T0 P L0 T THE E l.IU A T l 0 f S u t. V E L 0 P t u F 0 R P f\J Ub Ai u t. P i l.J b VS • u I S T Al', 

r_ 
c 
c LANDI NG 
c 

c 

c 


DI MENSION XP(2 00 J ,PND 6P (20 0) , EPf LP(200) 

DIMENSIO N HOR IZ(4J,VE RT(3J,TITLE(3J,vERT2(4J 

DI MENSIO N DE LT A(3), L:H llJ 

READ(5, 80 )( 8( JC),JC=l,11J 


80 	 FORMAT(2E24 .1 4) 

DATA HORIZ/lOHSLANT PERP,lOHENDICULAR ,l OHD ISTA NCE (, 8H FTl I 

DATA VERT/l OH PERCEIVED ,lOH NO IS E LEVE , lOHL (P NDB ) I 

DATA TITL E/l OH ,l OH PNO b vs,lOH ~!STANCE I 

CALL DATE(TH EDA TEJ 

CALL LETT ER (6,.25,90.,6. 0 ,3. 0 , 6HGIDAMY) 

CALL LETT ER (l 0 ,. 25 ,9 0 .,7. 0 ,3. o ,T HEDA TEJ 

CALL PLOT(l 0 . 0 , 2 . 0 ,-3) 

CALL LETTE R(4 Q,.12,o. o ,1.o,-.7 5 , HOR IZ ) 

CALL LETTE R(3 u ,. 12 , 90 .,-. 7?,1 . o , vcR T) 

CALL LETT E R(3 0 ,. 25,o . o , o . o ,-1.2 5 ,TlTL~J 


C 	 TO D R/\~J HOr< I ZO/\IT AL GRI D L Ii ES 
CALL PL OT( 0 . 0 , 0 . 0 , 3) 
DO 704 I G=l,13 
YG=FLOAT(IG~ll* 0 .5 

CALL PLOT(9. 0 ,Y G92l 

YGG =FLOAT(IGl*0 .5 

CALL PLOT<o . u ,YGG,3) 


7 0 4 CONTINUE 
c 
c 	 TO CO NSTRUCT LOGARITH MI C VE RT IC AL GR I D LINES 

XCYCLE=3. 0 
NC==3 
YCYCLE=6. 0 
XST.A.RT=lOO . 
DELTA(l)=l OO. 
DELTA(2)=1U uo . 
DELTA(3l=l OOOO . 
DO 777 IC= l , NC,l 
DO 888 ICO U T=I,1 0 , 1 
XDD == DELTA< I C)..1,{-FLOA T< ICOU i Tl 
XPP=XCYC LE*ALOGl O( XDD / XSTART ) 
CALL PLOT(X PP , c . c , 3 ) 
CALL PLOT (X PP ,YCYCL E , 2 ) 

888 CON TI NUE 

777 CON T INUE 


c 
CALL PLOT(- 0 .2,-0 .3,3 > 
CA LL LETTER (6, u .1 2 , o . u ,-. 2 ,-. 3 ,6 HlOO 
CALL L E TT ~R ( 6 , o .1 2,o . o , 2 . 7, -. 3 , 6HlOOO 

CALL LETTE R(6 , o . 12 , o . o , 5 . 7 ,-. 3 , 6HlOOOO 
CALL LETT ER (6, o . 12, o . o , b . 7 ,-- 3 , 6H10000 0J 

c 
CALL LET T ER(3~ 0 .1 2 ,o. o ,- o ~ s, -. 0 6 , 3H20 

CALL LETTER(3 , 0 Q 12 , o . o , - o .J, 0 ~44,3 HJO ) 

http:LETTER(3u,.12
http:LETTER(4Q,.12,o.o,1.o,-.75


52. 


CALL LETTER (3, o . 12, o . o ,- o . 5 , o . 94 , 3H40 

CALL LETTER ( 3 , o . 12 , o . o ,- o . 5 , l . 44 , 3H50 

CALL LETTER ( 3 , o . 12 , o . u ,- o . 5 , l . 94 , 3H60 

CALL LET TER(3 , o . 12 , o . o ,- o . 5 , 2 . 44 , 3H70 

CALL LE TT ER ( 3 , o . 12 , o . o ,-o . 5 , 2 . 94 , 3 H8 0 

CALL LETTER ( ~ , o . 12 , o . o ,- o . 5 , 3 . 44 , 3H90 


CALL LETTER(3 , o . 12 , o . o ,- o . 5 , 3 . 94 , 3HlOO) 

CALL LE TTER ( 3 , o . 12 , o . o ,- o . 5 , 4 . 44 , 3Hll 0 J 

CAL L LETTE R ( 3 , o . 12 , o . o ,-o . 5 , 4 . 94 , 3Hl20 ) 

CA LL LET TER(3 , o . 12 , o . o ,- o . 5 , 5 . 44 , 3Hl30) 

CALL LETTER(3 , o . 12,o . o ,-o . 5 , 5 . 94 , 3Hl 4 0 ) 


c 
WR IT E ( 6 , 2U 

21 	 FORMAT ( lH l, 3X , *COU NT* ' 4X , *D I STANCE* ,4X, *PNOb* ,6 X, *EP L* ,//J 

VALUE1 = 11 . 0 / ALOG1 0 (175 . o> 

X= l80 . 

DO 300 L= l , 41 , l 

X=X+ 2 0 . 


PNDB =B(ll+B(2)*(Xl+ H ( 3)* (X **2 ) +b(4J*(X**3 )+ B ( 5>* <X**4)+b ( 6l*(X* 
1 *5 l +B ( 7)* ( X**6)+b(8l*(X**7l+ b ( 9J*(X**b)+d ( lO)* ( X**9l + o ( llJ*(X* * 
21 0 ) 

EP NL=PND B+ (VALU E l*ALOGl U( X/2 00 ·' ' - 8 · 
XP ( L )=X CYCL E *A L OG l O ( X /X ~ T A kTl 
PN DBP(t_ }::: (P NDB - 2 0 . 0 ) / 20 . 0 

EP NLP CL) =( EP NL-2 0 . 0 )/ 2 0 . 0 

WRIT ~ ( 6 , 5 00 ) L , X , P N D B , EP N L 


5 0U FORMAT ( 4X , I4 , 4X , F8 . l , 4X , F6 ~ 2 , 4X , F6 . 2l 


300 CON TI NUE 

X=l UOO . 

DO 30 1 L=4 2 , 87d 

X= X+ 2 00 . 


P ND8= 8 ( ll +B ( 2 l * ( Xl+B ( 3J*(X**ZJ+8 (4l* ( X**3)+B(5J*(X**4J + 8 (6J * ( X* 
1* 5) +8 ( 7)* ( X**6) +8 ( 8 l * l X**7l+ B ( 9 l*(X** 8 l+ b ( l O)* ( X** 9 J + b ( l ll * (X* * 
210 } 

EPNL=P NDB+ ( VALUE l *ALOGl OCX/ 200 . J> - 8 . 
XP C L> = XCYC L E*ALOGl O ( X / X~T A RTJ 
PND BP ( L)=(P NDB - 2U . 0 ) / 20 . 0 

EP ! LP ( L) = (E P1 L- 2 0 . 0 )/2 0 . 0 

W R ITEl6 , 5 00 )L , X , P NDb , ~ P N L 

3 0 1 	 CONT I NUE 

X=l OOOO . 

DO 3 0 3 L=88 , 100 

X=X+ 2GUO . 


P N0B = 8 (ll+ 8 ( 2 )*CX)+ b ( 3 )*( X* * il + o ( 4 J*( X* * 3 >+ b (~J * (X **4 J+b ( 6)* C X* 
1 * 5)+ 8 (7l* (X**6)+B (8 l * C X* * 7 l+b(9J* (X **8> + ci C lO '*C X**9J + ~ ( l l' * < X** 
2 1 0 } 

EPN L=PNDB +(VALU El *A LOG l U(X / 200 • J J- 8 . 

XP ( L l =XCYCL E*AL OGl O(X / XS TAR T) 

P NDBP( Ll = (P NDB - 20 . 0 J/ 20 . U 

EPNLP( L}= ( EPN L- 20 . 0 )/ 20 . 0 

WR IT E C6 , 50Ul L, X,P NDB, EPNL 


3U3 	 CON TI NUE 

( TO PLO T THE GENERATED PUL Yi UM IALS P~u~ ANJ ~p L 

CALL PL OT ! XP ( l) ,P NDBP ( l} 53J 
DO 400 L=l, 100 

http:4X,I4,4X,F8.l,4X,F6~2,4X,F6.2l
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CALL PLOT<XPCL),PNDBP(L),2) 
4 00 CON T INUE 

CALL PLOT(XPCl),EP NLPCl),3) 
DO 402 L=l,1 00 
CALL PLOT(XPCL),EPNLP(LJ,2J 

402 CON TINUE 
c 
c 

CALL PLOT(-1. 0 ,1. 0 ,3) 
DATA VE RT2 /1 0HEFFECTIVE ,l QHPER CEIVED ,lOH NU ISE LEVE,lOHL CEPNDB) 

1 I 
CA LL LETTE R (4 0 , o .12,9 0 . o ,- 1 .o,1. o , vER T2) 
CA LL LETTE R(9,o.2s,o. o , u .1,-1.2 5 , 9HE PNDB AND) 

c 
CA LL PLOTCx,y,999) 
ST OP 
EN D 

6 400 END OF RECORD 
.13 0 53563466267E+03 -. 2972495211~825E - O l 

.97 79 61 98188546E - 05 -.23 2 498 353H7404~ - 08 

.32 64 273 0201512E ­ 12 -. 2 7 502 421546 04 2E-16 

.14 379297222831E - 20 -. 47085374825563t - 25 

.9400 5337 89 7154E- 30 -.1 0466348959187E -34 

.498303 756 46654E - 40 
END OF FI LE 

CD TOT 0141 
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c - - ---------------------------------------------------------------------­
( PROGRA M TO COMPUTE Al D DkAW THE NUISE tXPOSURE FORECAST <NEF' CO 1TOURS 
c -----------------------------------------------------------------------­
c FOR THE EXISTING FACILITY AND OPERATION AT THE MOUN T HOPE AIRPO RT. 
c - - --------------- -------------------------------------------------------. 
C ASS UM I NG Trl A T /-\ L L l AN U l Nu S /-\ I v T /-\ f-.. c. u F f S w l LL D c. v h u 1-... c. I-< U ~ ·~v;.:... Y ( 0 b l.i 1-< L 4 ) 

c --------------------------------------------------------~--------------- · 

c TAKEOFF 
c 
c 2-ENGINES JET (DAYl =7 AIRCRAFT(S) 
c 2- ENGINES J ET ( NIGHT} =l AIRCRAFT(SJ 
c 2- ENGINES TU RoOPROP(DA Y> =.l AlRCRAFTCS' 
c 2- ENGINES TUR~OPROP( N IGHTJ =O AiRCRJ\FT<S' 
c 
( LANDING 
c 
c 2- ENGINES JET CDAY l =7 AIRCRAFT(SJ 
c 2-ENGINES JET (NIGHT) =2 AIRCRAFTCSi 
c 2-E NG INES TURBOPROP(DA Y) =l AIRCRAFT(S) 
c 2-ENGINES TURBOPROP(NIGHTJ =O 1-dkC RAF T(Sl 
c 
c 

INTEGER TEXT(4) 
DIM ~ N SION K<l0 ,6l,DNAClu,6l,ENA(l 0 ,6l 
DI MENSION ARRAY (l 01 ,201J,IA Rk AY(l0l) 
DIM ENS IO N XCl U),y(lQ),XPAR<l OJ,ypARClU) 

c NI I S THE NUMBER OF DISTAf CE I NCREMEN TS IN THE X-DikECTIOf 
NI= 201 

c NJ I S THE NUMBER OF DISTANCE If\lCREr"1t: TS IN THE Y-DlkECTIO N 
NJ=lUl 

c f"l R I S TH E f\l UM 8 E R 0 F RU N v.: A Y S F I L E l) I 1 Trl E P R 0 Gk A 1'11 

NR=lO 
c NA IS THE NUMt3ER OF A I RCRAF T S FI LEI) IN THE PROGRA1 111 TI 1•1ES TWO (SI 1'4CE EP.C H 
c A1RC RAF T HAS TW 0 0 PE RAT I 0 NS WH I CH AR E TA, t: -U FF AN 0 LA i\i u I 1 G J 

NA=6 
DO 2 0 IR= 1, Nr~ 

c DNA I S T H E N U fvi tk R U F A I K C RAF T S LA 1\i u 1 i G v I-< TM Kt. u f F l.) U1·d 1'lG uA Y T I l'"I t. F - k A 

c CERT AIN AIRCRAFT ON A (ckTAif KUi wAY. 
c ENA I S THE NUMHlR OF AIRCkAFTS LA rwit'~lJ UK TAKtuFF uUKI1 G NIGHT T 11•1c FUK , 
c CERT AIN AIRCRAFT ON A CERTAI N RUNWAY . 
c K IS A CODE WHICH CAUSES THE PROGRA11 TO bE EXCU TEU OR NOT TO ciE EXCUT ED 
c FOR A PARTICULAR AIRC~AFT U I A PAKTICULAR RUNWA Y 

READC5,2lj (DN,6.CJR,JA) ,J A=l , NA) , CE 1 A( Ir<,JAJ ,JA=l, f~A) ,( ,,.:.( Ik,..JA}, 
lJA=l, NA ) 


21 FORMAT (6F 5 . U,6 F5 . 0 ,6I ll 

20 CONTINU E 


DO 1 I=l,NI 
DO 2 J=l,NJ 
X=CFL OAT(l-1)*500. 0 l-5 0000 . 
Y=(FL OAT (J-1)*5 00 . 0 l-25uO O. 
TOTAL =-= o . o 
DO 3 I R=l,NR 
DO 4 JA=l,NA 
IF(K! I R,.J AJ . t:.u . U) GO Tu~ 
S U 8 R0 UT I N E .S ~ Ui 1 · C0 /\l T A I NS THE I " F 01-< 1v1 A T I U1 (_, f'.i TH t: f I U: L) r:< U'" Wf\ Y S SU l H f..\ S 
THE L ENG Tri , 0 R I E f~ T A. T I u1~ A;·~ D C U- u t< u I 1'l .. T t. S W • r< • T • TU A CH 0 0 St: f uk I G I f' 

GO T0(1 0 1,1 02 ,l U3 , 104,lu~ ,l J6 ,l 07 , l08 ,l 09 , llOJ ,I R 
101 CALL RUNl(X,v,x1,v1,R' 
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GO TO 6 


104 CALL RUN4Cx ,y,x1,y1,RJ 


109 CAL L RUN9(x,y,x1,y1,RJ 


llJ CAL L RUNlO(x,y,x1,y1,R) 


C SUB ROUTINES TAKEOF CONTAI1 S THE AUOPTE.0 TAi<.E:.OFF PROF ILES OF THE Vt\ f~ I OU~ 


C AIRC RAF TS FILED IN THE PROGRA M. 

GO T0(2 0 1,2 0 2,203,204,205,2 0 6>,JA 


C SUB ROUTI NES ALAND CONTAINS ThE ADOPTED LANDING PROFILES OF THE VARI-US 

C AIRC RAF TS FILED IN TH E PROGRAM . 


2 0 5 CALL ALA1 02(Xl,Yl,R,SDI.'.::>T,RATIOJ 


2 0 6 CALL ALAND3(Xl,Yl,R,S01ST,RATIOJ 


102 CALL RUN2(x,y,x1,y1,R 1 


GO TO 6 

1U3 CALL RUN3<x,y,x1,v1,RJ 


GO TO 6 


GO TO 6 

105 CALL RUN 5<x,y,x1,y1,R> 


GO TO 6 

lU6 CALL kUN6(x,y,x1,y1, R> 


GO TO 6 

107 CAL L RUN7(x,y,x1,y1,R> 


GO TO 6 

108 CAL L RUN8(X,y,x1,Yl,R) 


GO TO 6 


GO TO 6 


GO TO 6 

6 CON TINUE 


2 0 1 CALL TA KEOFl!Xl ,Yl,S DIST , RATIO , A) 

GO TO 7 


2 0 2 CALL TAKEOF2(Xl,Yl,SDIST,RAT I O,A) 

GO TO 7 


2 0 3 CALL TAKEOF3<XlsYl,SDIST,RATIO,A1 

GO TO 7 


2 04 CALL ALANDl {Xl,Yl, R , SUI~l , RATlO ' 


GO TO 7 


GO TO 7 


GO TO 7 

7 CONT I NUE 

SUBR OUTI NES POLYT CO~TAI ; S TH E NOISE L~V~L VS. OlST Af CE FOR T~~ V ARIUU~ 
AIRC RAFTS FILE D IN THE:. PROGRA M DU RING TAKEOFF. 
GO T 0 (3 01 , 3 U 2,3 0 3 , 3 0 4,3 0 ~ , 306l , JA 

3 0 1 CAL L P0 L Y T 1 ( A , R , S L) l S T , 1<I-\ T I u , X , Y l ' c. P 1 ~ L ) 


GO TO 9 


S UBR 0 U T I NES P 0 L Y L C 0 i'J TA I 1~ S THE 0 I S l: Lt. VEL VS • D I S T A l\j CE F CJ R THE VAR I 0 US 


3U2 CALL POLYT2(A , R,s0IsT , kA Tl0 , x 1 ,y 1 , tP NL) 

GO TO 9 


303 CALL POLYT3 ( A, R, s DisT, RATIO,Xl,Yl,EP NL) 

GO TO 9 


1 

A I k Ck Ar T S F l LE u I N TH t. P k 0 Gk A i11 1 lJ Ur'\ i ; G L 1-H u I r-.J G • 

3 0 4 CA L L P0 L Y L l ( X 1 , Y l ' S 0 I S T ' r< A T I U , 1~ , t. t--> ,. L > 


GO TO 9 


3 0 6 C t, L L P0 L Y L 3 ( X 1 , "1' 1 , S D I S T , 1-.( A T I () , !=< , t ? 1 L ) 


3 0 5 CAL L POLYL2 (Xl,Y .L,SDIST, 1~ A TIO,r<,E:Y I" LJ 

GO TO 9 


GO TO 9 

9 CONT I i UE 


A E F l s Th E N 0 I s E ExpusuK c: F lJ Rc: c As T l j Dc: x KE su L T l j G F i"'\ (J H A p A T I c u L ;-l, I\ I 
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c AI RCRAFT DUI ING OPlRATIG~ ON A Cc~TAIN R0NwAY GIV~N TH~ NuMcER 0F AIRC~A r 
c MO VEMENTS PER DAY AND NIGHTCCO MPU TED AT DISTANCE X AND yJ 

AN EF=EPNL+<l O. O*ALOGlO(D A(IR,JAl+l6.6i*ENA(IR,JA) )J-d 8 .Q 
c ANT NE F I S THE AN T I L 0 G 0 F AN EF WHI CH WI LL b E US ED T 0 C0 l'•i PUT E THE TOT AL 1\J Et 

ANTNEF=lO. O**(ANEF/lO.OJ 
GO TO 44 

5 ANTNEF=O.O 
c T 0 TA L I S T H E S U ,v, 0 F A LL Tri C. AN T I LU u S U F f~ E F Rt SU L T I 1 '-1 FR u M A L L TH c 
c AIR CR AFTS OPERATIONS AT THIS PARTlCUL~k LOLATIO~ <X A~~ Y' 

44 TOT AL=TOTAL+ANTNEF 
4 CON T INUE 
3 CON T INUE 

IFC TOTAL .LEa o.o> TOTAL=0.000 0 1 
c ARR AY IS THE NOISE EXPOSURE FORECAST AT A PARTICULAR LOCATIO I N THE 
c AIR PORT VICINITY (T HIS VALUE WILL ci~ us~u TU CGNST RUC T TH~ ~EF LO NT-U KS' 

ARR AY(J,IJ=lG. O*ALOGl O<TOTAL> 
2 CON TINUE 
1 CON TIN UE 

DO 10 I= 1, NI 
DO 11 J=ll,51 
IAR RAY(J}=IFIX<ARRAY(J,IJ) 

11 CONTINUE 
WR I T E ( 6 , 1 2 ) ( I AR RA Y ( J ) , J =1 1 , 5 .L ) , I 

12 FOR MA T(lX,41I3,3X,I3,/) 
10 CONTINUE 

c 
c 
( 

c PROGRAM TO PLOT THE 1 UISE EXPOSURE:. FORECAST CO f'TOUR S USif'~G ( Ef, I l 
r 
~-

c FLAT BED PLOTTER 

TEXT Cl >=lOHGIDA MY-NEF 
TEXT(2)=10H EXISTING 
TEXT(3)=1 UH AIRP OR T OP 
TEXT(4)=1 0H ERATIONS 
ICOU NT=38 
CALL NAME<TEXT,ICOUNT' 

MAP SCALE IS 1 TO 500UO 
SCX=5 U000 ./1 2 . 
SCY=5 0 000 ./12. 
DELX= 500 . 
DELY= 5 0 0 . 

TO CL EAR PLOTTI NG ARRAYS 
DO 30 I !C=l,1 0 
XPA R ( I I C)= O. O 
YPAR ( I IC) =0 . 0 
X(IIC ) = O. O 
Y( IlC ) =O . O 

30 CONTI NUE 

M=f J 
N=NI 
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Ml =l 
M2 =1 01 
Nl =l 
N2 =201 
XP AR<l)=l. O 
YP AR<ll=2.0 
XP AR(2l=(DELX*FLOAT(N2-Nlll/SCX 
YP AR(2l=<DELY*FLOAT(M2- Mll)/SCY 
XP AR(5)=-l· O 
YP AR(5)=6. 0 
XP ARC7)=1. 0 
YP AR<7>=0. 0 
XP AR(8)=5. 0 
YP ARC8)=5. 0 
VM I N=5.0 
VM AX=45. 0 
VINC=5.0 
CAL L C 0 N T 0 UR ( ARR A Y , M , r , M l , M 2 , N 1 , N 2 , V M I N , V MAX , V I 1'i C , X P AR , Y PA R ) 

c 
C 	 TO CONSTRUCT GRID LINES 

YP AR(5)=6. 0 
XINC=ZOO O./SCX 
YINC=2 000./SCY 
IND=l 

c 
C 	 TO DRAW THE RUNWAY 

M3 =51 
N3 =10 1 
XP AR(4)=SCX 
YP AR(4)= SCY 
XP AR (5)= 0 . 0 
YP AR(5)=6. 0 
XP A.R(3)=0. 0 
YP AR(3)=0.0 
ICOUNT=2 
KO DE=O 
X<ll=FLOATC N3-Nll*DELX 
YCll=FLOAT< M3- Mll*DELY 
X( 2 )=X(l)+6 00 0. 
Y( 2 )=Y(l) 
CALL FLIN(x,y,1couN T,X PAR,Y PAR, KOUE) 

c 
c 

CALL PAPAD 
ST OP 
END 
SUBROUTINE RUNl<x,y, x 1,Y1, RJ 

RUN'vJAY NO. 1 CON FIG URA TION RE:. LATtLj T0 CHOO Sl:. X A1 IJ Y C0-0RDI1 ATl::.S 
R= 9 0 00 . 
X0 =·- 3812• 

YO::: SOO . 

A;' GU=o . o 

Af GR=ANGD*O a0174532925199 

S I N M~G =S I N C Al'>!GR ) 
COSANG= COS ( .ANGR ) 



DELTAX=X-XO 
DEL TAY=Y-YO 
Xl = <D ELT AX*COSA NG )+( DE LTAY*SINA NG J 
Yl = <DELTAY*COSANG)-(DELTAX*SlNANGJ 
RE TURN 
EN D 
SU BROUTINE RUN2cx,y,x1,Y1,R) 

c 
C RU NWAY NO. 2 CONFIGU RA TI ON RELA TcD TO CHOOSEN X ANDY CO-ORDI ATlS 

R=9000. 
X0=5188. 
Y0=500. 
ANGD=l80. 
ANGR=ANGD* 0 . 01 74532925199 
SINANG=SI NCANGR) 
COSANG=COSCA NGR ) 
DELTAX=X-XO 
DELTAY=Y-YO 
Xl=(DELTAX*COSANGl+( DE LTAY*SINA NGJ 
Yl =<DELTAY*COSANGl-(DELTAX*SINA I G' 
RETURN 
END 
SUBROUTINE RUN3(x,v,x1,y1,R> 

c 
C RUNWAY NO. 3 CONFIGURATI ON RELATED TO CHOOSEN X Al D Y CO- ORD I 1 ATES 

R=6000. 
X0 =540. 
Y0 =-450. 
A JGD=50s 
A GR=ANGD* 0 . 0 174532925199 
SINANG=SIN(ANG R) 
COSANG=COS(A NGR ) 
DELTAX=X-XO 
DELTAY=Y-YO 
Xl=<DELTAX*COSANGl+(DELTAY*SlNANGl 
Y 1 = (DE L T A Y * C 0 SANG ) - ( Dt: LT AX-* S Ir A 1~ G ' 
RETURN 
END 
SUBROUTINE RUN4{x,y,x1,y1,R) 

c 
C RUNWAY NO . 4 CO NF IGU RA TI U RELATED TO CHOOSEN X Ai D Y CU- ORDINATES 

R;:6QOO. 
X0=3630. 
Y0=4650. 
ANGD=23 0 . 
A NGR=ANGD*O . Ul7453292Sl9~ 

S I N MJ G=S I N ( ANG R ) 
COSANG=COSCANGR) 
DE LTAX=X-XO 
DELTAY:Y-YO 
Xl=\DELTAX*COSA1· Gl+( Ut. LTAY ·~-s1r ANGi 
Y 1 = ( D E L T A Y 1'.-C 0 SA f~ (~ ) - ( lJ t L T AX* S l f M~ l:i J 

RETU RN 
END 
SUt3ROU TI NE RU1 5(X,Y , X.l , Yl,r<J 

RUN vJ/\ Y Io . 5 CONF IGU RA T101'-i RELATtU TU CHOUS::. r·~ x ;-.. j\l [J y CU·-0R!Jil 'kTtS 
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R= 6 000. 
XO =U. 
YO =O. 
AN GD=O.O 
AN GR=ANGD*0.0174532925199 
SI NANG=S!N(ANGR> 
CO SANG=COS(ANGR> 
DELTAX=X-XO 
DELTAY=Y-YO 
Xl=(DELTAX*COS ANG> +(DELTAY*SI 1 ANGJ 
Y 1 = ( DELTA Y * C 0SA1~G ) - ( DELTA X * S I N.A I GJ 

RETURN 
END 
SUBROUTI NE RUN6(x,y,x1,y1 , Rj 

c 
C RUNWAY NO. 6 CONFIGURATION RELAT~u TO CrlOOS~N X ANU Y CU-ORDINA T~S 

R=6000. 
X0=60 00 . 
YO= O. 

C ANG D=l8 0 . 
C ANG R=ANG D* 0 . 0174 53292519 9 
C SIN ANG =SlN( ANGR) 
C COS ANG =COS( ANGR ) 

SIN ANG=O . O 
COS ANG=-1 . 0 
DEL TAX=X-XO 
DEL TAY=Y-YO 
Xl= <D ELTAX*COSANG)+(DELTAY*SlNAl G) 
Yl= ( D~ LT A Y *COSANGJ -( UtLT A X*SlNANGJ 

RETURN 
END 
SUB ROUTINE RUN7<x,y ,x 1,y1 , Rl 

( 

C RUN WAY N 0 • 7 C0 N F I G Uk A T I 0 J\l K ELA Tt u Tu CH 0 uSt. f X Al'-. D Y Cu-UkD l i"~ f\ Tt: S 
R=l OOOO . 
X0= - 4·812. 
Y0= - 5000. 
ANG D=O. 
ANGR=ANGD*0 . 0174 532925199 
SINA NG=S I N( ANGR ) 
COSA NG=COS <ANGR ) 
DELTAX=X-XO 
DE LT AY= Y-Y O 
Xl=< DELTAX*COSANG)+ ( DELTAY*SINANG> 
Yl=( DELTAY*C OSA NG)-(OELT AX*SINA NG> 
RETU RN 
END 
SUBR OUT I NE RUN8(x,y,x1,y1 , R> 

R NW A.Y NO . 8 CONFIC.~U i~f\T lOi'l rd::. L.1-\Tt..l.J Tu C....rlUU~t. 1 ' x 1-\f l.J y (U -uFw [f~ATt.~ 
R=-1 0 0 00 . 
X0=5 1 88 . 
Y0=- 5 00 0 . 
ANGD:-: 180 () 
A N GR = A~GD* 0. 0 1745 32 9 2 5 1 9 9 

SI Nl\ NG=5 I N ( 1\NGR ) 
COS ANG=COS ( A; GI~ > 
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DE LTAX=X-XO 
DE LTAY=Y-YO 
Xl = (DELTAX*COSANG)+{DELTAY*SI NANG) 
Yl = (DELTAY*COSANGl-(DELTAX*SINANGJ 
RE TURN 
FN D 
SU BROUTINE RUN9<x,y,x1,y1,Rl 

c 
C RU NWAY NO. 9 CONFIGURATION R~LA Tt:u TO CHOOStN X ANU 

R=l0500. 
X0 =750. 
Y0=-5600. 
ANGD= O. 
ANGR=ANGD*0.0174532925199 
SINANG=SI N( ANGR ) 
COSANG=COSCA NGR ) 
DELTAX=X-X O 
DELTAY=Y-YO 
Xl=(DELTAX*COSANG)+(DELTAY*SINA1 Gl 
Yl=<DELTAY*COSANGl-<DELTAX*SINA NG) 
RET URN 
END 
SUB ROUTINE RUNlO (x,y,x1,yl,R) 

c 
c RUN WAY NO. 10 C ONF IGU !~AT I Ol-..J RtU\TtU TO CrlOUSt:r~ x Al L) 

R=l 05UO. 
XO== l l 25 0 . 
Y0= - 5600. 
ANG D=l80. 
ANG R=ANGD*0. 0 174532925199 
SIN ANG=S I NCANG RJ 
COSANG=COSCA NG R) 
DELTAX=X-XO 
DELTAY=Y-YO 
Xl=CDELTAX*COSA NG l+C DE LTAY*S IN ANGJ 
Yl=<DELTAY*COSANG)-(DELTAX*SI NANGl 
RETU RN 
END 
SU8R OU TI 1 · E TAKE OF l ( X 1, Yl, SD IS T, RAT I 0, A J 

c 
C TAKE OF F PROFILE OF AI RCRAF T CLASS l 
C 2-EN GINES JET AI RCRAF T 
c 

A=40 00 . 
B=67 50 . 
C=29 00 0e 
E=lO O. 
F=35 u. 
G=20 0 0 0 . 
D= B+C ( (G- E J* (C- e)l /( F-E JJ 
SLOPEl=E/(B-Al 
SLOPE2=CG-E)/ {D-B> 
IFCXl . LT . OoO ) GO TO 61 
IF< Xl ~G E . OeC . AND o Xl .L E. AJALT=O . O 
IF(Xl .GT. A . AND 9 XI . LE. dJ ALT= SLOPEl* (Xl-AJ 
I FCXl . GT . B . AND . Xl . LE. OJAL T= E+(SLOPE2* {Xl-8 ) > 

IFCX l .G Te O) ALT=G 

Y C0-0RDINATtS 

y Cu-LJRU lNA TtS 
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SDIST=SQRTC(ALT**2l+CABS<Y J**2)) 

lf(Yl .EQ. o.o> GO TO 81 

RATIO=ALT/ABS(Yl) 

GO TO 82 


61 	 SDIST=SQRT ((ABSCX1)**2l+(AoS(Yl)**2)) 

RATIO=O.O 

GO TO 82 


81 RATIO=lOOOOU OOO OO . 
82 RETURN 

EN D 
SUBROUTINE TAKEOF2(Xl,Yl,SDIST, RATIO,A) 

c 
C TA KEOFF PROFILE OF AIRCkAFT CLASS 2 
C 4- ENGINES JET AIRCRAFT 
c 

A= 8 000 . 

8= 10500 . 

(= 4 3000 . 

E= l OO. 

F= 3500 . 

G= 20000 . 

D=B+(( (G- E)*(C-B)) /(F- E>> 

SLOPEl=E/(8-A) 

SLOPE2=CG-E)/(D-B) 

IF CXl .LT. o . o > GO TO 61 

IF CXl .GE. O. O . AND . Xl . LE . AJALT=O . O 
IF CXl .GT. A .AND· xi . LE . o JALT=SL OP El*(Xl-AI 
IF CXl .G T. B .A ND . Xl .L E. D)ALT=E+(SLO PE2* (Xl- o >> 
IF CXl . GT . D}ALT=G 
SDIST=SQRT( CALT** 2 )+(A 6S CY 1'**2') 
IFCYl . EQ . o. o> GO TO 81 
RATIO=ALT/ABS(Yl) 
GO TO 82 

61 	 SDIST=SQRT( (ABS(Xl>**2)+(AbS(Yl>**Z)) 

RATIO=O. O 

GO TO 82 


81 RATIO=lOOOOOOOOOO . 

82 RETURN 


END 
SUBROUTII E TAKEUF3Cx1,y1 , sursT , RA TI O, A) 

c 
C TAKEOFF PROFILE OF AI RCRAFT CL ASS 3 
C 4-ENGINES TUR BO PROP 
c 

A=450 0 . 

B=7?00. 

C=47':J . o. 

E=l50 . 

F=3 500 . 

G=2 00 00 . 

D=B+< ( CG-El*(C-8 ) )/(f- E )) 


SLOPE 1=EI ( B- 1\ ) 

SLOP ~ 2=(G- E )/( D - 8 ) 

IF( Xl eL T. O.O) GO TO 61 
IFC Xl . GE . o . o . AND . Xl .L E. A'AL T= o . o 
!F( Xl . GT . A . AND . Xl . L~ . b J LT= SLOPEl*(Xl - Al 
If ( Xl . GT. b . ~NU • Xl • c . UJ LT=c+( SLUP~i* (Xl -b ) J 
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lf ( Xl .GT. D>ALT=G 
SD I ST=SQRT((ALT**2)+(A85(Yl)**2)> 
lf ( Yl .EQ. o.oJ GO TO 81 
RA TIO=ALT/ABSCYl> 
GO TO 82 

61 SDIST=SQ RT( (A85(Xl}**2J+(ABSCY1J**2J) 
RATIO=o.o 
GO TO 82 

81 RATIO=lOOO OOOOOOO . 
82 RETURN 

END 
SUBROUTINE ALANDl<X1,y1,R,SDIST,RATIO) 

c 
C LANDING PROFILE OF AIRC RAFT CLASS 1 
C 2-ENGINES JET AIRCRAFT 

FL=4000. 
TDP=lOOO. 

C GSA D=2 .5 
C GSAR=GSAD* 0 . 01745 32925199 
C TANGS=TANCGSAR> 
C DP= -C <FL/TA NGS )-T DP ) 

TR= 0 .6666666666*R 
TANGS=0. 0 4366 094 29 08 4 0 
DP=-90615. 06 2193951695 
Z=TDP+TR 
IF<Xl .GT. Z> GO TO 30 
IF<Xl .G E. TDP . AND . Xl . LE. l) ALT=o .o 
IF(Xl .LE. DP)ALT=FL 
If(Xl .GT. DP . AND . Xl .L E. o . u)A LT=CA BS <Xl)+TDPJ*TANGS 
IF<Xl . GE •• O . AND . Xl . LC: . TiJP JALT=(T OP -X l> *TA11 GS 
SDIST=SQRT< <ALT**2>+<A BS <Yl>**2J) 
IFCYl .EQ. 0 . 0) GO TO 10 
RATIO=ALT/ABS(Yl) 
GO TO 20 

30 SDIST=SQRT( <ABSCX1-ZJ**2J+<A~SCY1J**2}l 
RATI O=O.O 
GO TO 20 

10 RATI O=lOOO OOOOOOO . 
20 RETU RN 

END 
SUBROUTI NE ALAND2<Xl,Yi,R,SDIST,RATIO) 

c 
c LAND I NG PROFILE OF AIRCRAFT CLASS 2 
c 4-EN GINE S JET AIRC RAF T 

FL=4-0 00 . 
TDP= lOOO . 
GSA.D =2 .5 
GSAR =GSAD*0.0174532925199 
T A.f\! GS.::: T 1\ N ( GS A~ ) 
DP=-( CFL /T ANGSl-TDP J 
TR=0.666666666o*R 
TANGS= 0 . 0 436609429 08 4 0 
DP=-90615 . 0621939~1695 

Z=T::JP + Tl~ 
IF(Xl . GTe Z) GO TO 30 
! F(Xl . GE . TDP . AND . Xl .L E . Z' ALT=o .o 
IF(Xl .LE. DP )ALT=FL 
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If(Xl .GT. DP .AND. Xl .LE. o.olALT=<ABS(Xll+TDPl*TANGS 
IF<Xl .GE. o.o .AND. Xl .L E. TDPlALT=(TDP-Xll*TA~GS 
SDIST=SQRT( (ALT**2)+(ABSlY1)**2J) 
IFCYl .E Q. o .O) GO TO 10 
RATIO= ALT/A BSCYl) 
GO TO 2 0 

30 	 SDIST=SORT( (ABS<Xl-Z)**2)+(A BS(Yl>**2)) 

RA TI O=O.O 

GO TO 2 0 


lU RA TI O=l OOOOOOOOOO . 

20 RE TURN 


END 

SUBROUTINE ALAND3(Xl,Yl,R,SDIST,RATIO) 


c 
C LANDING PROFILE OF AIRCRAFT CLASS 3 
C 4-ENGINES TU RBO PROP 

FL=4000. 
TDP=lO OO . 

C GSA 9=2.5 
C GSAR=GSA D* 0 . 0 174532925199 
C TANGS=TA N<GS AR) 
C DP= - ( (Fl/TA NGS)-T DP) 

TR= 0 .6666666666*R 

TANGS= 0 . 0 4366 0 9429 084 0 

DP=- 90615. 06 21939516 9 5 

Z=T ~)P +TR 

IF<Xl .GT. Zl GO TO 30 
lf (Xl .G E. T0P . ANL> . Xl .L~. ZJ ALT=O·O 
IF<Xl .LE. DP) ALT=FL 
IF(Xl .GT. DP .A ND. Xl .LE. o. o >ALT=(A BS{Xl)+TDPJ*TA NGS 
JF(Xl .G E. J . O . AND . Xl .LE. TDPlALT=<TDP-Xll*TA NGS 
SDIST=SC RT( <ALT**2)+(A 8 S(Yll **2l) 
IF(Yl .E Q. O. O) GO TO 1 0 
RATIO=ALT/A BS(Yll 
GO TO 20 

3 J 	 SDIS T=SQR Tl <ABSCX1-Z>**2l+(ABS(Yl)**2)) 

RATIO= O.O 

GO TO 20 


10 RATI O=lOOO OOOO OOO. 

20 RETU RN 


END 
SUBROUTI NE POLYTl( A, R,sL>lST, kA Tiu,x1,y1,t_p , LJ 

THIS SUBPRO GRAM CO NTAI NS THE EPN L VS. S LA NT DISTA NCE I NFORM ATI ON 
2- ENGI NES JE T AI RCRAF T 

Al= J . 13 16 1460424089 E+ 03 

A2=-0 . 199G 7 12 707 452 8 E- Ol 

A3= 0 . 3 5698010908113E - 05 

A4 = -0 . 35 1 2lll338 7 752E - O~ 

A5= 0 . 20 433 156320150E -1 3 

A6=- 0 . 74320214054215E-1 8 

A7 =0 . 17357734742231E - 22 

A8 =- 0 . 2602 0 333 09 3 783E - 27 

A9 =Q. 2420265646274 0 E-3 2 

A10= - 0 s l2 7 167428U4092E - 37 

Al l= 0 .2 88 522 0 0541228E - 43 
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X=SDIST 

IF<X . EQ. O. O)X=lO .O 

CPB=30./ALOG1 0 (50.) 

CPC=4 0 ./ALOG10(50.) 


C PE RCEIVED NO IS E LEVEL 
PN L=Al+A2*(X)+A3*CX**2)+A4 * (X**3>+A5*(X**4i+A6*<X**5)+A7*(X**6)+ 

1A8 * <X**7>+A9*(X**8)+AlO*(X**9)+All*(X**lO) 
C 	 EF F ECTIVE PERCEIVED NOISE LEVEL 

PA =PNL+(4.0*AL OG10 (X)J-16.Q 
IF ( X .GT. 2000 .) GO TO eoo 
PB =PA 

PC =PA 

PD =PC+4.0 

GO TO 801 


800 	 PB=PA-(CPB*ALOG10(X/2000.}} 

PC=PA-(CPC*ALOG10(X/20 00 . )) 

PD=PC+4. 


801 	 CONTINUE 

!F(Xl .G E . R . AND . RATIO .G E. 0 . 1763}EPNL=PA 

IFCXl.GE.R.AND.R ATIO.LE. 0 . 176 3lEP NL=P 8 +!CPA-PBJ*(RATI0/.1763)) 

IF<x1.GE. A. AND .x 1 . LE . R ) EPN L=PC+( (P l.5 -PC)*( (Xl-A)/(R-AJ)) 

IF< Xl.GE.o. O. AND . xl .L E . A>EPNL=PD-(4 . 0*(Xl/A)) 

IF( Xl .LT. o . o >EPNL=PD 

RETURN 

END 

SUB R 0 UT I NE P0 LY T 2 ( A. , R , SD I ST , RAT I 0 ' X 1 , Y 1 , E P NL J 


c 
c THI S suePROGRAM CONTAINS THE EPNL vs. SLANT UlSTANCE INFOR MA TION 
C 4-E NGINES JET AIRCRAFT 
c 

Al= 0 .1316 1460424089E+03 

A2=-0.199 0 7127 074528E - Ol 

A3=U.3569801 0908 113E-05 

A4=- 0 .3512 1113387752E-09 

A5=0.2043315632015 0 E-13 

A6=- 0 .7432 02 14 05 4215E-18 

A7=0 . 17357734742231E-22 

A8=- 0 .2602 0 333093783E-27 

A9=0 . 2 420 2656 46274 0E -3 2 

Al0= - 0 . 12716742804092E-37 

All= 0 .2 8852200 541228E-43 

X=S DIST 

IF(X . EQ . O. O)X=l o . o 

CPB=3 0 ./ALOG10{50.) 

CPC=4 0 ./ ALOG10 (50.) 

PERCEIVED NOISE LEVEL 

PNL=Al+A2*(X>+A3*·(X**2J+A4*CX**3)+A5*(X**4)+A6*(X**5J+A7*CX**6)+ 


lA8*(X * *7J+A9*(X**8J+AlO*(X**9)+All*(X**lOl+3 .Q 

EFFECTIVE PERCEIVED NOISE LEVEL 

PA=PN L +(4~ 0 *A L OG10 (XJJ-16. 0 
IF<X 	 . GT . 2000.) GO TO 8 00 
PB=PA 
PC=PA 

PD=PC +4. 0 

GO TO 80 1 


80 0 	 PB=PA - {CPd*ALOGlU(X/200 0 •JJ 

PC=PA-CCPC*ALOG10(X/2 0 QU . JJ 


http:IF<x1.GE
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PD=PC+4. 
801 	 CONTINUE 


IF(Xl .GE. R .AND. RATIO .GE. 0 .1 763>EPNL=PA 

IF<Xl.GE.R.AND.RATIO.LE.0.1763lEPNL=P8+((PA-PBl*(RATI0/.1763J) 

IFCXl.GE.A.AND.XloLE.RlEPNL=PC+(CPB-PCl*( CXl-Al/(R-AJJJ 

IF<Xl.GE. C. O.AN D.Xl.LE.AJEPNL=PD-(4.0*CX l /AJ) 

IF<Xl .L T. o .oJEPNL=PD 

RETURN 

EN D 
SUBROUTINE POLYT3(A,R , SDIST , RATIO ,Xl,Yl,EPNL) 

c 
C TH I S SU8PROGRAM CONTAINS THE EPNL VS. SLANT UISTANCE INFORMATION 
C 4- ENGINES TURbOPROP 
c 

X= SDIST 

IFCX .EQ. O. O)X=lO.O 

CP B=30./ALOG10(50.} 

CPC=40./ALOG10(50.) 

CONST=Cll3.3-76.3l/ALOG1 0 (10000•/300.) 


C PERCEIVED NOISE LEVEL 
PNL=ll3.3-(CONST*ALOG10(X/300·JJ 

C EFF ECTIVE PERCEIVE D NOl~E L ~ VEL 

PA= PNL+(4.0*ALOG10(Xl>-16 . 0 
IF< X .GT. 20 00.) GO TO 800 

PB= PA 

PC=PA 

PD= PC+4.0 

GO TO 801 


8 00 	 PB= PA-CCPB*ALOG10(X/2000 . )) 

PC= PA-CCPC*ALOG10(X/2000 .> J 

PD=PC+4. 


801 	 CONTINUE 

IF<Xl .GE. R .AND. RATIO .GE. o .176 3JcPNL=PA 

IFCX1.GE.R.AND.RATIO.L E.0.1763'EPNL=PB+(CPA-PB1*CRATI0/.1763>' 

IF<x1.GE.A.ANo.x1.LE.R)cPNL=PC+((Pci-PC)*( (Xl-A)/(R-A))) 

IFCXl.GE. O. O.AN D.Xl.LE.AJEPNL=PD-(4.0*CXl/A) l 

If(Xl .LT. o .olEPNL=PD 

RETU RN 

END 
SUBR OUTINE POLYLl<Xl,Yl,SDIST,RATIO,R,EPNLI 

c 
C THIS SUBPROGR AM CONTAINS THE EPNL VS . SLANT UISTANCE INFO RMA TIO N 
C 2-E NGINES J ET AIRCRAFT 
c 

Al= .13053563466267E+ 0 3 

A2= -.2972495 211 58 2 5E - u l 

A3= .9779619 8 1 885 4 6 E- O ~ 


A4= -.23249835387404E- 08 

A5= .326427302 0 151 2E-12 

A6= - .275 0 2421546 042 E-16 

A7= .1437 92 972 228 31E-20 

AB~ - . 4 70853748 25 ? 6 3E- 25 

A9 = e94 00533789 7 154E - 30 

AlO = - .1 0 46 6 348959187E-34 

All= .498303 7 56 46654E - 40 

VA LUE1 =11. 0 / ALOG1 0 (17 ? .0J 

TDP=l OOO t> 


http:IFCXl.GE
http:IF<Xl.GE
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X=SDIST 

I F (X .EQ. o.O)X=lO.o 

IF(X .GT. 35000.) GO TO 10 


C PERCEIVED NOISE LEVEL 
PNL=Al+A2*CX)+A3*(X**2l+A4*(X**3)+A5*CX**4'+A6*<X**5)+A7*(X**6)+ 

1A8*(X**7)+A9*(X**8)+AlO*(X**9)+All*CX**lO} 
GO TO 20 


10 PN L=40.0-(20.0*ALOG10(ABS<X>/35000.0)) 

20 CO NTINUE 


C 	 EF FECTIVE PERCEIVED NOISE LEVEL 
EP NL=PNL+(VALUEl*.A.LOGlO(ABSCX)./200.) )-8.0 
RE TURN 
EN D 
SUBROUTINE POLYL2CXl,Yl,SDIST,RATlO,R,lPNL) 

c 
C THIS SUBPROGRAM CONTAINS THE E~NL VS. SLANT UISTANCE INFORMATION 
C 4-ENGIN~S JET AIRCRAFT 
c 

Al= .1305 3563466267E+03 

A2= -.29724952115825E-01 

A3= . 97796198188546E - 05 

A4= -.23249835387404E-08 

A5= . 32642730201512E - 12 

A6= -. 27502421546042E - 16 

A7= .1437 9297222831E - 20 

AS= -.47085374825563E-25 

A9= .94 005337897154E - 30 

AlO = -.1 0466348959187E - 3u 

All= . 498303756466?4c-40 

VAL UE1=11 . 0 /ALOG10(175.o> 

TDP=lOOO. 

X=SDIST 

IF(X .EQ. o . O)X=lo.o 

IFCX .GT. 35000.) GO TO 10 


C PERC E IVED NOISE LEVEL 
PNL= Al +A2*(X)+A3*(X**2J+A4*(X**3)+A5*<X**4)+A6*(X**5}+A7*<X**6)+ 

lA8*C X**7)+A9*(X**8} +Al0*(X** 9J+All*(X**l0>+3 . 0 
GO TO 20 

10 PNL= 4 0 . 0-(2 0 . 0 *ALOG10(ABSCXJ/35U Ou . O)) 
20 CONTINUE 

C EFFE CTIVE PERC EIVED NOISE LEVEL 
EPNL=PNL+(VALUEl*ALOGlO(ABSCX)/200 . ) ) -8. 0 

RETUR N 

END 

SUBRO UT I 1' E POLYL3 (Xl ,y1 , sDIST ,RA T l CJ,R , t.P NLJ 


TH I S SU 8 PR 0 GRA M C 0 NT A I NS THE U) 1~ L VS • SL AN T 0 I S l AN CE I NF u Rr"1 A T I 0 i~ 
4-ENGINES TUR BOPROP AI RCRAFT 

VAL UE1=11 . 0 /AL OG1 0 (175. 0 ) 
CONST = ( l 0 6 . 4-72 . U)/ALOG10(2 0 ~0J 
TUP=l J OU . 

X=S DI ST 

I F (X .EQ. O. O)X=l O. O 

P ER CEI VED NOIS E LEVEL 

PNL=l 0 6.4-(C0NS T*ALOG 1 0 ( A~ S(X)/3 00 . Q )) 


EFFECTIVE PERCE IV ED NOI SE L~V E L 
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EPNL=PNL+(VALUEl*ALOGlOCABS(X)/ZOU . ' }-d . O 

RETURN 

END 


6400 END OF RECORD 

1 . 0 o. o i . o 1 . 0 o. o i . o i . o o. u o. o 2. 0 o. o o. o io1101 

END OF FILE 

CD TOT 0758 
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c ----------------------------------------------------------------------­
( PROGRAM TO COMPUTE ANU uRAW TH~ NOISE ~ XPOSUR~ FOR~CAST Cf ~ Fl CONTOURS 
c - ----------------·----------------------------------------------------- ·· 
C FOR THE PROPOSED FACILITY ANU OPERA TIO N AT TH~ MUUNT HOP~ AlRPOKT • 
c - --- - - - - - --- - - - - - --- - - - - - - - - - - - - - - - - --- - - -- - - - - - - - - - - ----- - - - - - - - - - ----. 
C ASSUM I NG TH A T AL L LA [) If" u S AN U TA~U) f F ~..; I LL o t. u t-.i RU 1 ~·v AYS l. l - L 9 

c - ----------------------------------------------------------------------­
( AN D 06-24 
c --------­
( 

C RUNWAY UTILIZATION 
c - - ---------------­
( RUNWAY 11=20 PERCEf T 

C RUNWAY 29=75 PERCENT 

C RUNWAY 06=2.5 PERCENT 

C RUNWAY 24=2.5 PERCENT 

c 

C N0 TE• • • • • I T HA S BEEN ASSU 1 ED Trl AT RUN WA Y 06 - 2 4 vI LL i.... 0 T HAN DL E 4 - EN G1 r~ ~-
C AIRCRAFTS DUE TO THE SHOl·n LE I GTH OF HHS RUNWAY. 

c 

c TAKEOFF 

c ------­
c 4- ENGINES TURBOF A1 (250 0-35 00 N 1. i (DAY) =8 AIRCkAFTCS) 

c 4- ENGINES TURl:)OFAN (2500 -3500 I 1Vl . ) ( NIGHT) =l Alr<CRAFTCS) 

c 4- ENGINES TUR BOF AN (50 0 l'-l . ) COAYJ =7 AIRCRAFT CS ) 

c 4- EN GINES TUR oOFAN (500 fvi . ) <NIGHT) =l AIRCRAFT(SJ 

c 2-ENGINES TURBO F/-\N (DAY) =18 AIRC RAFT cs> 

c 2-ENGINES TURBQFAN CNIGriTJ =2 AIRC RAFT (Si 

c 3-E NGINES TURbUFAf (DAY) =18 AIKCRAFTCS} 

c 3-E GINES TUR!:30FA f\ (NIGHT) =2 AIRCRAFT<S' 

c 

c LANDING 

c ------­
c 4-E NGINES TURBOFAN (250 0-35 00 NM.) <DA Y) =8 AIRCRAFTCSJ 

c 4-E, GINES TURBOFAN (25 00 -35 00 N 1. J <NIGHT) =l AIRCRAFT(S) 

c 4-E NGINES TURBOFAN (5 00 I M. J (DAY) =7 AIRCRAFTCS) 

c 4-ENGIN ES TURt30FAN (500 f"M . l ( N I Grl T J =l AIRCRAFT CS) 

c 2-ENGINES TURt30FAN (DAY) =18 AlkCRAFT(SJ 

c 2-EN GINES TU RBOFAi.... (1\I IGHT) =2 AIRCRAFT(SJ 

c 3-t.N GIN ES TURtWF AN ( L>AY) =18 AikCRAFT(~J 


c 3-ENGINES TURBOFAN ( NIGHT> =2 AI CRAFT(SJ 

c 

c 

INTE GER TEXT(4) 
DIME NSION KARRAY (lOl) 
DIMENSION K<lu,10),DNA<lu ,1 u J ,E NA (lO,lO) 
ull'vit:l\JSI01 ARki-\Y(liJl,2ulJ ,I .~R AY(lulJ 
Di v\ ENSION X(l Q) ,y(l Q) , XPAkClO) ,y pf'I, Cl ) 
NI I S TH E NUM BER 0 F DI ST A 'CE I r CREfvl E TS I N TH E X- DI f~ ECT I 0 N 
NI:::201 
NJ IS THE NU(V;BER OF DIST.ti.Net:: Ii CRci1cNTS IN Tht. Y-Ulkt.CT10 i'J 
NJ =l Ol 
NR I S THE NU M8 Ek 0 F RUN ~\I AYS F I LED Il\l THE PR 0 GR Al-1 
NR=lO 
NA Is THE NU !'·li tH:.K OF A I i-<lKJ-1.f Ts FI Le.Li rr-... THt t->kU01"'\r\1 T l 1'1cS r WU ( s Ir~Ct. t. A Cn 

A1RC RAF T HAS HJ 0 0 PER ATI Uf S "' H Ch Ard: TA !:. - UF F A rw LA 1'\I u I h u i 
1~ /\ = 10 

K IS A CODE ~H IC H CAUSES THE PROG ~ A M TO ~E EXCUTE D OR NU T TO ~E EXCUT L ~ 

FOR A PARTICU LAR A IRC 1~AFT ON A PAH lCULA R RU1 -NAY 

http:DIST.ti.Net
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DO 20 	 IR=l,NR 
READ ( 5 , 2 1 J ( K ( IR' J A) , JA =1 , NA J 


21 FORMATC10I5J 

2 0 CON TI NUE 


c 	 DNA IS THE NUMbER OF AI RCRAF TS LA Ul NG OR TAKt OFF uUk l NG J AY TI Mc F- R A 
C 	 CERTAIN AIRCRAFT ON A CER TAI N RU NW AY. 

DO 40 IR=l, NR 
READ(5,4l)CDNA(IR,JA),JA=l , NA J 

41 FO RM ATC10F 5 . 0 ) 
4 0 CO NTINUE 

c EN A I s TH E Nu Mb t. R 0 F A I Ku rn FTs LAl'H..il NG u k TA Kt. lJ FF u u k l 1 G N1 G rl T Tl l"I c. Fu K 
C CE RTAIN AIRCR AFT ON A CtRT AIN RU NwAY. 

DO 42 	 I R=l,NR 
RE AD(5,43)(E NA<IR,JA),JA=l,NA) 


43 FORMATC1 0 F5 . 0 ) 

42 CO NTINUE 


DO 1 I~ 1, NI 

DO 2 J=l,NJ 

X= ( FLOATCI-1)*500.0)-440 0 0 . 

Y= 2 50U O.-(FLOATCJ-1)*5 00 .l 

TO TAL= O. CJ 

DO 3 IR= 1, NR 

DO 4 JA=l,NA 

If CK ( I R,JAJ .E Q. 0 ) GO TO 5 


c SUBROUTI NE S RUN CUN T A l ~~ T H ~ l Nf0KMA Tl U~ UN THt ~lLt.J KUI Wk YS SUln A~ 
c T HE LE NG T H , 0 R I EN T A T 1UN Ai'W CO- CJ 1 U l 1 AT ;:: S W • 1--< • T • T0 A C rl UUS C. 1 ~ Uk I G I i'4 

GO TOc1 0 1,1 u2,1u3,1 04,1 u5,1 06,1 u1 ,1 ue , 1u9 ,1 1u J ,I k 
1 0 1 CA LL RU N1cx,y,x1,y1,R J 

GO TO 6 
1 0 2 CALL RUN2cx,y,x1,y1,R) 

GO TO 6 
103 CALL RU N3{x,y,x1,y1,RJ 

GO TO 6 
1 0 1+ CALL RUN4(x,y,x1,y1, RJ 

GO TO 6 
1 0 5 CAL~ RUN 5cx,y,x1,y1,RJ 

GO TO 6 
106 CAL L RUN 6Cx,y,x1,y1,RJ 

GO TO 6 
1 0 7 CAL L RUf 7(x,y,x1, y1 , R) 

GO TO 6 
l U8 CAL L RUN8 (x, y ,x1,y 1 , RJ 

GO TO 6 
1 0 9 CAL L RUN9 Cx,y,x1,y 1 , RJ 

GO TO 6 
1 10 CAL L RU Nl O( X,Y,Xl,Yl, R) 

GO TO 6 
6 CO NTIN UE 

c S UBROU TI NES TAKEOF CON TAINS THE AuOP TED T A~EOFF PROFILES OF THE VARI00~ 

c AI RCRAFTS F IL ED IN THE PrWGRAi\ . 
GO T 0 ( 2 Q l, 2 0 2 , 203 ,2 0 4, ~u~ , 206 , 2u7 , ~08 , ~09 , 210 ) ,~ A 


2 0 1 CALL TAKEOF l (Xl ,Yl, SDIS T, RA TlU , AJ 

GO TO 	 7 

2 (j 2 CALL TAKEOF2 ( Xl , yl , SDlST,RATIO , A) 

GO TO 7 


2 u 3 CAL L TAKEOF3(X1 , y1 , so1sT , RATIO , AJ 

GO TO 7 
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2 0 4 


c 

c 


206 


2 07 


2 08 


209 


2 1 U 


7 

c 
c 

3 0 1 


3 U2 


3 0 3 


3 0 4 


3 0 5 


c 
c 

3 0 6 


3 0 7 


3 0 8 


3 0 9 


310 


9 

c 
c 
c 

c 

5 

r 
'­

( 

44 

4 

3 


CALL TAKEO F4(Xl,Yl,S DlS T, RATiu , A) 
GO TO 7 

CALL TAKEOF5cx1,y1,soisT, RATIO,A} 
GO TO 7 

SUbR OUTI NES ALA ND CO NTAi i·s THl AUOPTEU 
AIRCRAFTS FILED IN THE PROGRAM. 
CALL ALANDl(Xl,Yl,R,SDIST,kATIOJ 
GO TO 7 

CALL ALAND2 (Xl,Yl, R ,S D l~T, kATIOJ 

GO TO 7 

CA LL ALAND3(Xl,Yl,R,SDIST,RATIOJ 
GO TO 7 

CA LL ALAND4(Xl,Yl,R,SDIST, RA TI OJ 
GO TO 7 

CALL ALAND5(Xl,Yl,R,SDIST,RATIOJ 
GO TO 7 

CONTINU E 

LANulNG PkOFlLLS UF Tri~ Vkkl-US 

S U8ROUT I NES POLYT CONTAINS TH~ NOlS L LlVtL VS. UISTA NCE FOR Trit VA k lUU S 
AI RCRAFT S FILED I N THE PROGRA M DUK I NG T A~EOFF . 
GO T0(3 0 1,3 0 2,303,304,3U5,3 0 6,307,308,309,310J,JA 
CALL POLYTl(A,R,SDIST, l~ATIO , Xl,Yl,t: P1 L) 

GO TO 9 

CALL POLYT2(A,R,SDIST,RATIO,Xl,Yl,tPNLJ 
GO TO 9 

CALL POL YT3(At Kt SD IST, KAT ro ,x1,y1, t.Pi L) 

GO TO 9 

CALL POLYT4(A,R,SDIST,RATIO,Xl,Yl,EPNLl 
GO TO 9 

CALL POLYT5(A,R,SDIST,RATIO,Xl,Yl,EPNLl 
GO TO 9 

S UB R0 UT I NE S P0 LY L CUN TA I NS Th E I U l SE LEVEL VS • DI ST A 1"' CE Fu 1-.( THE VAR. I U US 
Al RC RAFTS f I U:. U IN TriL Pt-WGf~Ai"1 UUK i 1\l G LA l~U l NG • 


CALL POLYLl(Xl,Yl,SDIST,kATIU,R,EPi LJ 

GO TO 9 

CALL POLYL2(Xl,Yl,SDIST,RATIU,R,EP NLl 

GO TO 9 

CALL POLYL3(Xl,Yl,SDISTt RATI O, R , EPNL ) 

GO TO 9 

CALL POLYL4(Xl,Yl,SD1ST,kATI0,R,EPNL) 

GO TO 9 

CALL POLYL5(Xl,Yl,SDIST,RATIO,R,~PNLJ 


GO TO 9 

CONTINUE 

AN E F I S TH E f\l 0 I S E E X P 0 SU R E F liR E CA S T I i'l uE X R E SU L T I 1 G 

A I RCRAFT DU RI NG OPER ATI 01 ON A C Ek TA! 1~ k U NW l~Y GIVt:. f 

M 0 VE iVi ENT S PER DAY A1 D i' I G H T ( C 0 iv'1 PU T E D A T D I S TA NCE X 

ANEF=EP N L+Cl O . O*ALUGlu( UN M(lk , J A J+l6 . 6 7 *~ N A{l R , JMJ J )
 
AN TNEF IS THE ANTI L0G UF Ai\JEF 'WHIC H WI LL o E USELJ TO 

AN TNEF=l O. O**(ANEF /1 0 . 0 ' 

GO TO 44 

ANTNEF=o . o 


F k 011 A P AR T l l UL A k 

TH E 1~ 1..Nib f:. 1-.( OF A l kCK i­

Ai D Y > 


- bd . O 

CU1v1PUTE TH E TUTAL 1 '~ £: 


TO TAL IS THE SUM OF ALL THE 1\ TlL UGS OF i\J EF RE SULTI 1 G FRO i"li ALL Tlit: 
AI RC R AF T S 0 PER/\. T I UN S AT TH I S PA l<T I C UL AR L 0 CA T I 0 i ~ ( X Al"~ D YI 

TOTA L=TOT AL+ AN TNE F 
CO NT I . UE 
CO NT I !\tU E 
IF<T OTAL . LEo O. Ol TOT AL= U. 0000 1 
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C ARRAY IS THE NOISE EXPOSU RE FOR ECAST AT A PARTICULA R LOCATI Of I N THt 
C AIRPORT VICINITY (THIS VALUE WILL SE USED TO CONSTRUCT THE 1 EF Cu1 T-UkS J 

AR RAY{J,Il=lO.J*ALOGl O(TOTAL) 

2 CONTINUE 

1 CO NTINUE 


DO l 0 I= 1, NI 

KM=71 

DO 11 J=31,71 

IA RRAYCJ)=IFIX(ARRAY(J ,I) l 

KA RRAY(KM>=IARRAY(J) 

KM =KM -1 


11 CO NTINUE 
WRITE(6,12l<KARRAY(KMl,KM=31,71J,I 


12 FO RMATC1X,41I3,3X,I3t/) 

10 CO NTINUE 


c 
c 
( ---------------------------------------------------------------­
( PROGRAM TO PLOT THE NOISE EXPOSURE FORECAST CONTOURS USING (tAIJ 
( ---------------------------------------------------------------­
( FLAT BED PLOTTER 
c ---------------­
( 

c 
TE XT(l)=l OHGIDAMY-NEF 

TE XT (2)=1 0H PROP OSED 

TE XT<3J=l OHAIRP ORT OP 

TE XT<4l=l OHERATIONS 

ICOUNT=3'8 

CA LL NA ME<TEXT,ICOUNT' 


( 

C 	 MAP SCALE IS 1 TO 50000 
SC X= 50000./12. 
SC Y= 5000 0 ./12. 
DE LX=500. 
DE LY=50U. 

c 
C 	 TO CLEAR PLOTTING ARRAY~ 

DO 30 I IC=l '10 
XPAR(I!Cl= O. O 
YPAR< I l()=: u . o 
XCIIC)=O.O 
Y<IICl= O. O 

3 0 C01 T INUE 
c 

M= NJ 
N=NI 
Ml=l 
M2=1 0 1 
Nl=l 
N2=2 0 1 
XP Ar-< (1)= 1 .. 0 
YP AR(l)= 2 . 0 
XPA ( 2)::: ( lJE LX*t LOAT ( f\2 - f l J l/ SC X 
YPAR { 2 ) =! t) C: L Y * F L 0 !\ T ( 1v'1 ~ - .. 1l J ) I SC Y 
XPAi< (5)=- l . U 
YP ARC5)=6. 0 
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XPAR(7)=1.0 

YPAR(7)=0.0 

XPAR(8)=5.0 

YPAR(8)=5.0 

VMIN=S.O 

VMAX=45. 0 

VINC=5.0 

CAL l C0 N T 0 UR C ARK A Y , M , N , M 1 , 1v'1 2 , N 1 , N 2 , V M I N , V1\ 1AX , V I NC , X P A k , YPAR ) 

c 
C 	 TO CONST RUCT GRID LINES 


YPARC5)=7.0 

XI NC=2 000 ./SCX 

YI NC=200u./SCY 

IND=l 

CALL GRIDCXINC,YINC,X PAR ,y PAk ,l ND) 


c 

·c 	 TO DRAW RUNWAY 11-29 <CODE 9 AND lOJ 

M3=51 
N3=89 
XPAR(4)=SCX 
YPAR(4)=SCY 
XPARC5)= 0 . 0 
YP ARC5)=8 . u 
XP ARC3)=0 . 0 
YP AR<3>=o . o 
ICOUNT=2 
KO DE=O 
X( l l =CFLOATCN3-Nll* DE LXJ+750. 
YC l ) =(FLOATC M3 -M l)*DELY)-~600• 

XC 2 >=XCU+l0500 . 

Y( 2 )=Y(l) 

CALL LINEcx,y,1couNT,XPA R,Y PAR,KOUE) 


c 
C 	 TO DRAW RUNWAY 06 -24 CCOUE 3 AND 4' 


M3=51 

N3=89 

XPA R (4)=SCX 

YPA RC4)=SCY 

XPA R(5)=0. 0 

YP .ARC5)=8. 0 

XPA R(3)=0.0 

YPA RC3)=0. 0 

ICOU NT=2 

KOD E=O 

X<l >=<FLOAT(N3-Nll*UELXl+463 · 0 

Y(l J =(FLOATCM3-M lJ*D~Ly>-414~0 

X(2)=CFLOAT(N3-Nl) *DE LX)+4 320 . 0 

YC2)=(FLOATC M3-Mll*DELYl+4182. 0 

CALL LI NE cx,y,ICOUN T,XPA k , YPAR,KOUE) 


c 
CALL PAPAD 

STOP 

END 
SUBR OU TI NE RUN l(x,y,x1,y1, Rl 

c 
C 	 RUf WAY NO . l CO NFIGURATION RELAT~O TO C HOOS~N X ANO Y CO-ORDI~A T ES 

R=9 0 00 . 
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X0 =-3812. 
Y0 =500. 

C AN GD=O.O 
C AN GR =ANGD*0.0174532925199 
C SI NA NG=SI N{ANGR l 
C CO SA NG=COS(ANGR) 

SI NA NG=O.O 
CO SANG=l.O 
DEL TAX=X-XO 
DELTAY=Y-YO 
Xl = CDELTAX*COSANG)+(DELTAY*SINAi G' 
Yl = CDELTAY-*COSANG)-(DELTAX*Sl1 A1 GJ 
RE TURN 
EN D 
SU BROUTINE RUN2(x,y,x1,y1,R> 

c 
C RU NWAY NO . 2 CONFIGU RAT ION kc LATt U TO CHOOStN X AND Y CO-ORDIN ATtS 

R= 9 uOO. 
X0 =5188 . 
Y0 =500 . 

C AN GD=l80 . 
C AN GR =A NGD*0 . 0 174532925199 
C SI NAN G=Sl N(A NGR) 
C CO SAN G=COSCANGR) 

SI NAN G= O. O 
CO SANG=-1 . 0 
DE LTAX=X-XO 
DE L T /\ Y=Y-YO 
Xl = <DE LT AX*COSANG)+( DE LT AY*SINA NGl 
Yl = <DELTAY*C OSA NG >-(DE LTAX* SINANG J 
RET URN 
EN D 
SU BR OUTI NE RUN3{X ,v,x1,y 1 , RJ 

c 
C RU NWA Y NO . 3 CONFIGURATIO N RELATtU TO CHOOStN X ANU Y CU-OR D! ATf S 

R=6000 . 
X0 =463. 
Y0 =-414 . 

C ANGD=50. 
C ANGR =ANGD*0 . 0 1745329 2 519 9 
C S I N f\i\J G=S I i~ ( ~\ NG R } 
( COS .J\NG =COS ( IUGR ) 

SI NANG=+0 ~ 766 0 44443119 

COSANG=+ 0 ~ 6 42787609687 

DEL TA.X=X-X O 
DEL TL\Y=Y-Y O 
Xl=C DE LT AX*COSANG )+C DELTA Y*SINANGJ 
Y 1 = ( D E L T A Y * C 0 S ANG ) - ( DE L T .~ X*S I 1\l A 1 G } 
RETUR N 
END 
SUBROUTINE RUN4 (X,v,x1,v1, RJ 

c 
c RUN ~~ AY r o . lt CONFIGURAT 10( RELATl:.D TO CHOOScN x ANU y CO - URDI 1 ATi:.S 

R=6 000 . 
X0=432 0 . 
Y0 =4182 . 

C ANG D== 230 . 
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C ANGR=ANGD*0.0174532925199 
C S I NANG=SIN(ANGR) 
C COSANG=COS(ANGR) 

S I NANG=-0.766044443119 
COSANG=-0.642787609687 
DELTAX=X-XO 
DELTAY=Y-YO 
Xl =<DELTAX*COSANG)+(ucLTAY*SINA f G) 
Yl =<DELTAY*COSANGl-(DfLTAX*SINANG) 
RETURN 
END 
SUBROUTINE RUN5(x,y,x1,y1,R) 

c 
C RUNWAY NO. 5 CONFIGU RAT IO N RE LAT~D TO CHOOSEN X ANDY CO-ORDI NATES 

R=5188. 
XO=O• 
YO=O. 

C ANGD=O.O 
C ANGR=ANGD*0.0174532925199 
C SINANG=SIN(ANGR) 
C COSANG=COS(ANGR> 

SINANG=O.O 
COSANG=l.O 
DELTAX=X-XO 
DE LTAY=Y-YO 
Xl=(DELTAX*COS ANG) +(DELTAY*SI NANG) 
Yl=CDELTAY*COSANG ) -CDELTAX * SINANG) 
RETURN 
EN D 
SUBROUTINE RUN6(x,y,x1,y1,R) 

c 
C RU WA Y NO . 6 CONFIGUkATIO N RELATED TO CHOUSEN X AND Y CU-ORDlNATtS 

R= 5188. 
X0 =5188. 
YO =O. 

C AN GD=l80. 
C AN GR=ANGD*0.0174532925199 
C SI NA NG=SI N<ANGR) 
C CO SAN G=COS(ANGR) 

SI NANG=O.O 
CO SANG=-1.0 
DE LTAX=X-XO 
DE LTAY=Y-YO 
Xl = CDELTAX*COSANG)+(DELTAY*SlNANG) 
Yl = (DE LTAY* CO SANG)- ( DELTAX*SINANG) 
RETURN 
EN D 
SU~ROUTINE RUN 7(x,y,x1,y1, RJ 

c 
C RUtWAY NO . 7 CONFIGURATION k~LAT~U TU CHOUSEN X ANO Y CU - ORD I NA TES 

R=lOOOO. 
X0 =-4812. 
Y0=-5 000 · 

( ANGD=u. o 
C AN GR=ANG D*0 . 0 1745 32925 199 
C SI N~N G=SINCA NGR ) 

C COS ANG =COS( ANGR> 



75. 


SI NANG=O.O 
COSANG=l.O 
DE LTAX=X-XO 
DE LTAY=Y-YO 
Xl=< DELTAX*C OSANGl+( DEL TAY*SI NANGJ 
Yl=<DELTAY*COSANGl-(8 ELTA X*Sl NAI GJ 
RETURN 
END 
S UBROUTINE RUN8(x,y,x1,y1,R> 

c 
C RUNWAY NO. 8 CO NF IGURATION RELATED TO CHOOS~N X AN D Y CO-ORDI NA TES 

R=lOOOO. 
X0 =5188. 
Y0 =-5000. 

C ANGD=l80 •. 
C ANGR=ANGD*0.0174532925 199 
C S I NANG=SIN(ANGR> 
C COSANG=COS(ANGR> 

S l f\lANG=o.o 
COSANG=-1.0 
DELTAX=X-XO 
DELTAY=Y-Y O 
X1 = ( UE LT AX *COS ANG)+ ( Ot:. LT AY*S I I ANG) 
Yl=COELT AY*C OSANG} -( OELTAX *Sl NANG > 
RETURN 
END 
S UBROUTINE RUN9Cx,y,x1,y1 , R> 

c 
C RUNWAY NO. 9 CONFIGU RAT IO N kELATt:.u TU CHOOSEN X ANU Y CU-ORDINATES 

R=l0500. 
X0=75 0 . 
Y0=-56 00 . 

C AN GD= O.O 
C ANGR=ANGD* 0 . 0 174532925199 
C S INANG=SIN( ANGR ) 
C COSANG=COS(ANGRJ 

S INANG= O. O 
COSANG=l.O 
DELTAX=X-XO 
DELTAY=Y-YO 
Xl =CDELTAX*C OSANG)+ C8ELTAY*SINANG) 
Yl =( DELTAY*COSANG >-< DELTAX*SlNANGJ 
RETURN 
EN D 
S UBROUTINE RUNlO(x,y,x1,y1,Rl 

c 
C RUNWAY NO ~ 10 CONFIGURATION RELAT~D T0 CH OOSlN X ANO Y CO-URDI NAT~S 

R=l0500. 
X0 =11 250 . 
Y0=-5600. 

C AN GD=l80. 
C A NGR=ANGD* 0 . 017453292~199 

C S lNA NG=SlN<ANGR) 
C COS /d\JG=C OS ( M 'GR) 

SINANG= OcO 
COSANG=-1 . 0 
DELTAX=X-XO 
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DELTAY=Y-YO 

Xl =(DELTAX*COSANG)+(DELTAY*SINANG) 

Yl =CDELTAY*COSANGl-(DELTAX*SINANG> 

RETURN 
END 
S UB ROUTINE TAKEOFlcx1,y1,s DIST,RATIO,A) 

c 
C TAKEOFF PROFILE OF AIRCRAFT CLASS 1 
C 2- ENGINES TURBOFAN AIRCRAFT 
c 

A=4500. 

B=6000. 

(=23500. 

E=lOO. 

F=3000. 

G=20000. 


C D= B+( ( CG-E)*<C-8) )/(F-E)) 
C SLOPEl=E/( 8 -A) 
C SL OPE2=(G-E)/(D-B) 

0=126086.21 
SLOPEl= . 0 6666666666667 
SLOPEZ=.16571428571429 
IFCXl .LT. o . o> GO TO 61 
IF (X l .GE. o. o . AND . Xl .L E. A'ALT=o.o 
IF ( Xl .GT. A . AND . Xl .L E. BJALT=SL OPEl* CXl-A J 
IF CXl .GT. B . ANO . Xl .L E. D>ALT=~+(SLOPE2* CX1-~ll 
IF ( Xl .GT. D)ALT=G 
SD I ST=SQRT( (ALT**2}+(A85(YlJ**2>> 
IF <Yl . EQ. O.Q) GO TO 81 
RA TIO =ALT/ABSCYll 
GO TO 82 

61 	 SD IST=SQRT{(A8SCX1 )**2 )+(AbSCYlJ**2J) 

RA TIO=o . o 

GO TO 82 


81 RA TIO=lvUU Uuooooo. 

82 RE TU RN 


EN D 
SU BROUTINE TAKEOF2cx1,y1,sDIST,RATIO,AJ 

c 
C TA KEOFF PROFILE OF AI RCRAFT CLASS 2 
C 3-E i GINES TURBOFAN _A I RCRAFT 
c 

A=-=8 000 . 

8=10500 . 

C=38 0uo . 

E=l OO . 

F=3 000 . 

G=2 0000 . 


C D=B+(((G-E)*(C-8))/(f-E)} 
C S LOP El=E/{~ -A) 
C 	 SLO PE2 =(G-El/(D-G> 

0=199206.9 0 
S LO PEl=. 0 4 00000000000 
SLO P EZ = ~l 0545 4545454~5 

I FC Xl .LT~ o . Ol GO TO 61 
IF< Xl .G E. O. O . AND . Xl .L E. A)ALT =O. O 
IF< Xl eGT. A .A ND. Xl.L E. B)ALT=SLGPEl*(Xl-A) 

http:0=126086.21
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IF(Xl .GT. B .AND. Xl .LE. D>ALT=[+(SLOPE2* CX1-8J D 
IFCXl .GT. D>ALT=G 

S DIST=SQRT< (ALT**2J+CA BS <YlJ**2J J 

IFCYl . EQ. o.oJ GO TO 81 

RATIO=ALT/A BS<Yl) 

GO TO 82 


61 	 SD I ST=SQRT( <ABSCX1)**2>+<ABS<Yl)**ZJ) 

RAT IO= O. O 

GO TO 82 


81 RATIO=l OOOOOOO OOO. 

82 RETURN 


END 

SUBROUTINE TAKEOF3cx1,y1,sDIST,RATIO,A} 

c 
C TAKEOFF PROFILE OF AIRCRAFT CLASS 3 
C 4-ENGINES TURBOFAN AIRCRAFT (50 0 NM .} 
c. 

A=4500. 

8=6000. 

C=23500. 

E=lOO. 

F=3 000 . 

G=20000. 


C D=B+( ( CG-E J*<C- R l) /(f-EJ J 


C SLOP El=E/( 8 -A) 

C SLOPE2=<G-EJ/(D-B) 


0 =126 086 .21 
SLOPEl=.06666666666667 
SLOPEZ=.16571428571429 
IF(Xl .LT. o. o> GO TO 61 
IF(Xl .GE. o . o .A ND . Xl . LE. A)ALT=o . o 
JF(Xl .GT. A .AND. Xl.LE. B JALT=SL OPEl* (Xl-AJ 
I FCXl .GT. 8 . AND . Xl .Lt. DJALT=t+CSL OPE Z*(Xl-8> J 
I F<Xl .G T. D)ALT=G 
SDIST=SQRTC <ALT**2l+CABS<Yl)**Z'l 
I FCYl .EQ. o.ol GO TO 81 
RATIO=ALT/A8SCY1> 
GO TO 82 

61 	 S DIST=SQRT((A3S(Xl)**2>+<ABS(Yll**2l) 

RATIO=o. o 

GO TO 82 


81 	 RATIO=lGO OOOO OOOO . 
82 	 RETURN 


END 

SUBROUTINE TAKEOF4cx1,y1,sDIST,RATIO , A) 


c 
C TAK EOFF PROFILE OF AIRCRAFT CLASS 4 
C 4-ENGINES TURBOF AN AIRC RAF T (250 0 TO 3500 NM .l 
c 

A=6000. 

B=8 000 . 

C=3 CJOOO . 

E= l OO. 

F=3 00 0 . 

G=20000 . 


C D=B+ ( C CG- fl*(C-8 )) /( F - E> J 

SLOPEl=E/(B-AJ C 
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C SLOPE2=(G-E) /( D-B) 
0=158965 .5 2 
SLOPEl= . 05 0 0000000 000 
SLOPE2= . 13181818181818 
! F (Xl . LT . O. O) GO TO 61 
I F (Xl . GE . O. O . AND . Xl ·L E. AJALT=O . O 
I F <Xl .GT. A . AND . Xl.LE. BJALT=SLOPEl*(Xl - A) 
lf(Xl .GT. B . AND. Xl .L E. D)ALT=E+(SLOPE2*( Xl- B)D 
IF <Xl .GT. DJALT=G 
SD I ST=SQRT<<ALT**2l+<ABS(YlJ**ZJ) 
!F ( Yl . EQ . O. Ol GO TO 81 
RATIO= ALT/A BS<Yl) 
GO TO 82 

61 	 SDIST=SQRT<<ABS(Xl)**2)+(ABSCY1J**2)) 

RATIO=o . o 

GO TO 82 


81 	 RATIO=lOO OOOU UOOu . 
82 	 RETURN 


END 

SUBROUTINE TAKEOF5(Xl,Yl ,S DIST,RATIO , A) 


c 
I 	 ( TAKEOFF PROFILE OF AIRC RAFT CLASS 5 

c 4-ENGINES TU RBOPROP 
( 

A=4500. 

8=7500 . 

(=475 00 . 

E=l50. 

F=3500 . 

G=2 0000 . 

C D= B+( ((G-EJ*(C- Bl)/(F- E )J 

C SLOPEl=E/( 3 -Al 

C SL OPE2=(G-El /( D-B) 


0= 244514 . 93 
SLOPEl= . 05 00000000000 
SLOPE2= . 08375 000 UJ0000 
IF<Xl .LT. U. Ol GO TO 61 
IFCXl . GE . O.O . AND . Xl .LE. AJALT=O.O 
IF <Xl . GT . A .A ND . Xl . LE • blALT=SLUPEl*<Xl-AJ 
lf ( Xl . GT . B . A; D. Xl . LE. DJALT=t+(SLUPE2*(Xl-B)() 
!F ( Xl . GT . DlALT=G 
SD I ST=SQR T< <ALT**2)+(A BS <Yl )**2J) 
IF <Yl . EO. O. O) GO TO 8 1 
RA TI O= ALT/ AB SCYl) 
GO TO 8 2 

61 	 S DI ST=SQR TC <A BS<Xll**2)+(ABS<Yll** 2 l) 

RA TIO= U. U 

GO TO 82 


81 RAT I O=l OOOOOOOO OO. 

8 2 RET URN 


END 
SUBR OUTIN E ALAND lCXl,Yl, R, SD IST, RAT IO) 

c 
C 	 L ft.N D I N G P R 0 F I L E 0 F A I F~ C I-< A F T C L AS S 1 
C 	 2- ENGI ES TURbOFAN AI RCRAFT 


FL== 4000 . 

TDP = lOOO . 
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TDP=lOOO. 
C GSAD=2.5 
C GSAR=GSAD*0.0174532925199 
C TANGS=TAN(GSAR) 
C DP=-C (FL/TANGS)-TDP) 

TR=0 . 66666666666*R 
TANGS=0 . 04 366 09 429 0840 
DP=-90615. 06 219395156950 
Z=TDP+TR 
IFCXl .GT. Z) GO TO 30 
IF<Xl .GE. TDP . ANDa Xl .L E. Z) ALT=o.o 
IF(Xl .LE. DP)ALT=FL 
I F ( X 1 • GT • DP • AN 0 • X 1 • L c • 0 • 0 J ALT= ( Ab S ( X l J + TtJ P ) f"t TA NGS 
IFCXl .G E. o . o . AND . Xl eL E. TUPJ ALT=CTUP-Xl)*TANGS 
SDIST=SQRT{ CALT**2)+{A BS (Yl)**2J l 
IFCYl . EQ . 0 . 0) GO TO 1 0 
RATIO=ALT/A BS CYl) 
GO TO 20 

30 	 SDIST=SQRTCCABSCX1-Zl**21+CABSCYll**2)} 

RA TIO=o.o 

GO TO 20 


10 RA TIO=lOOOOOOOOOO . 
20 RE TURN 

EN D 
SUBROUTINE ALAND4CX1 ,Y l , R,SDIST , RATIO) 

c 
C LA NDING PROFILE OF AIRCRAFT CLASS 4 
C 4- ENGINES TURBOFA~ AI~CKAFT (2500 TO 3500 NM .) 

FL =4000 . 
TDP=l uoo . 

C GSAD=2.5 

C GSAR=GSA D*0 . 0174532925199 

C TA NGS=TANCGSAR) 

C DP=-C CFL/TANGS)-T DP) 


TR=0.66666666666*R 
TANGS =0 . 04366094290840 
DP=-90615. 06219395156950 
Z=T DP+TR 
IFCXl .GT. Zl GO TO 30 
IF< Xl .G E. TDP . AND . Xl .LE. zJ ALT=o .o 
IFC Xl .LE. DPlALT=FL 
IFC Xl .GT. DP . AN D. Xl . LE . o . o>ALT=CA BS(Xl)+TDP) MTANGS 
I F C X 1 • G E • 1J • 0 • AN D • X 1 • L E • T DP )AL T= ( T,) P - X 1 )* TAN G S 
SDI S T=SUR T( CALT**2)+(A BS CYll**21 ) 
IF< Yl . EQ. J . OJ GO TO lU 
RAT I O=ALT/ABS(Yl) 
GO TO 20 

30 	 SDI ST=SQRT( (A8S(Xl-Z)**2)+(A bS(Yll**2l) 

R!\TIO=o . o 

GO TO 20 


10 	 RATIO=l OOOOOOOOOO . 
20 	 RET U l~N 


END 

SUB F< 0 U T 1 1 E A L AN D 5 ( X l , Y 1 , R , S D I S T , 1-< A T I 0 ) 


c 
C LANDI NG PROFILE OF AIRCRAF T CLASS 5 
C 1-t - E ~~ G I N E S T U F ;.::i,0 P R 0 P 
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FL=40 00 . 
TDP=lOOO . 

C GSAD=2 .5 
C GSA R =GS AD* 0 • 0 1 7 4 5 3 2. 9 2 5 1 9 9 
C TANG S=T AN (GSAR) 
C DP=-< (FL/TANGS)-TDP) 

TR= 0 .6 6666666666*R 
TANGS=0. 04366094290840 
DP=-9 0 615. 06219395156~50 

Z=TDP+TR 
IF(Xl . GT . Z) GO TO 30 
!F(Xl . GE . TDP . AND . Xl .L E . z> ALT=o.o 
IF<Xl . LE . DP)AL T=FL 
!F(Xl .G T . DP . AND . Xl . LE . o . o> ALT=(ABS(Xl)+TDPl*TANGS 
IF(Xl . GE . o . o . AND . Xl .L E . TOPlALT =(T DP -Xl l*TANGS 
SDIST=SORT ( (ALT**2)+(A 8S (Yll**2l) 
IF(Yl . Ee . o . o) GO TO 10 
RA T IO=ALT/ ABS (Yl) 
GO TO 20 

30 SO I ST=SQRT( CABS(Xl-Z>**2'+(ABSCY1'**2)J 
RA T I O=O. O 
GO TO 20 

10 RA T I O=lOOOOOOOOOO . 
2 0 RE TURN 

EN D 
SUBROUTINE POL YTl(A , R , SDlST , kATIO , Xl ,Y l,EPNLJ 

c 
C TH I S SUBPROGRAM CO~TAINS THE EP1 L VS • SLANT UIS TANCt INFOR MATION 
C 2- ENGINES TUR BOFAN 
c 

Al =0 . 13161460424089E+03 
A2 =-0 . 19907127074528E- Ol 
A3 =0 .35698 0 10908113E-05 
A4 =-0 .3 5121113387752E - 09 
A5=0 . 20433156320150E-13 
A6=-0.7432 02140~4215 E-lb 

A7= 0 . 17357734742231E-22 
A8=-0.26 02U333093783E-27 
A9=0 . 2420 2 656462740E~32 

Al0 =­0 . 12716742804 092E-37 
All=0.28852 200541228E - 43 
X=SDIST 
IF(X . EQ . O. O)X=lO . O 

C CP B=3U ./ ALOG10 ( 50 . 0) 
C CPC=40./ALOG10(50.Q) 

CP B=l?.65775731 
CPC=23 . 54367641 

C ~ER CE IVED NOISE LEVEL 
PNL=Al+A2*(Xl +A 3*<X**2l +A4*(X**3J+ A5*(X**4J+A6*(XM*5l+A7*CX**6)+ 

1A8*(X**7}+A9*CX**8)+Al 0 *(X**9)+All*(X* *l 0 ) 
C EFF ECTIVE P ER CE IVED NO ISE LEVEL 

PA= PNL+(4 . 0 * ALOG1 0 (X)J-16. 0 
IF( X . GT . 2 COO .l GO TO 8 0 0 
P B=PA 
PC= PA 
PD=PC+4 . 0 
GO TO 80 1 
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80U 	 PB=PA-(CP8*ALOG10(X/2000.J} 

PC=PA-(CPC*ALOG10(X/200u.>J 

PD=PC+4. 


801 	 CONTINUE 

I FC Xl .GE. R .AND. RATIO .G E. 0 .1763)EPNL=PA 

I FC X1.G E.R. ANO .R ATIO .L E. 0 .1763> EP L=PB+(CPA-P8J*(KATI0/.1763)) 

l FC Xl.GE. A.AN D.Xl.L E. RJt.PNL=PC+ ( ( Pb -PC i* ( (X l -A)/ (K-AJ) J 


! f( Xl.GE.o. u .A ND .xl.L E.AJ EPN L=P D-(4.0*(Xl/A)J 

I F< Xl .LT. O. O) EPNL =P D 

RETURN 

E ND 
S UBROUTINE POLYT2(A,R,sDIST,RATIO,xl,Yl,EPNL) 

c 
C THIS SU BPROGRAM CONTAINS THE EPNL VS• SLANT DISTANCE INFOR MATION 
C 3-E NGINES TURBOFAN 
c 

Al=0.13161 460424U89E+U3 

A2=-0.19907127074528E-Ol 

A3=0.35698 0 10908 113E-05 

A4 =-0.35121113387752E- 09 

A5=0.20433156320150E-13 

A 6 =-0.7432 021 40542l~E-18 


A7~0.173577 3 4742231E-22 


A8=-0.2602 033309 3/83E-Li 

A9=0.242 02 65646274 0E -3 2 

Al0=-0.12716742804092E-37 

All=0.28852200541228E-43 

X=SDIST 
IF(X . EQ . o . O)X=lo. o 

CP B=l7.6577 5731 

CPC=23.54367641 


C PERCEIV ED NOISE LEVEL 
PNL=Al+A2*CX)+A3*(X**2>+A4*(X**3)+ A5 *(X**4J+A6*(X**S)+A7*(X**6)+ 

1A8*(X**7)+A9*(X**8)+Al 0*(X**9l+All*CX**l0)+1.76 
C 	 EFFECTIVE PERCEIVED NOISE EVEL 

PA=PNL+(4. 0*ALOG10{X)J-16.0 
IF<X .GT. 2 000 .) GO TO 800 
PB =PA 
PC=PA 
PD =PC+4.0 
GO TO 801 

8 00 	 PB=PA-(CP B*A LOG1 0 CX/2 00U .)) 

PC=PA -(CPC *A LO Gl O(X/2 000 .)) 

PD=PC+4 . 


801 	 CON TI NUE 
I F(Xl . GE . R . AND . RATI O . GE . 0 .1 763)EPNL =PA 
I F ( X l • GE • R • AN u • I~ A T I 0 • Lt:. • 0 • 1 7 6 3 J t P1' 1 L= Po+ ( ( P 14. - P b J -~ ( RJ~ T I U I • l 7 6 3 ) J 

I F < X l • G t: • l-\ • Af'.J IJ • X l • L t. • R ; E P N L =P C + ( ( P o-- P C. ' * ( ( X l - A J I ( R - A J J ' 

I F(Xl . GE . o . o . ANu .xl. Lt . ~ J LP L= PD-(4.0*(Xl/ AJ) 
I F( Xl ~LT. O. O) EPN L=P D 

RETURN 

E ND 
S UBROUT I NE PO LYT3( A, R, sD IST, kATIO ,x J. ,y1, EP1 ·L) 

c 
C T H I S SU B1-J !~ 0 GR AM C 0 N T A I S Tri E t:. P1\.J L VS • S LAr T lJ I S T AN Ct I f\i FU K. 1v1 A T I 0 f 
c 4-- ENG I J Es TuR 8 0 F A I I ( 5 u0 I I ,v • ) 
c 

http:0*(X**9l+All*CX**l0)+1.76
http:f(Xl.GE.o.u.AND.xl.LE.AJ
http:FCXl.GE.A.AND.Xl.LE
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Al= 0 .1316146 0 4240 89 E+ 03 

A2=-0.199 0 7 1 27 0 74 528E - Ol 

A3= 0 .3569 80 1 0 90 811 3 E- 05 

A4=- 0 . 3 5121 1 1 33 877 52E - 09 

A5= 0 . 204 3 3 1 56 320 1 50E-l 3 

A6=- 0 .743 202140j4Ll5 1::.- l d 

A7=0.17357 734 7 4 2 231E -2 2 

A8=-0.26 02033 3 093183E - 2 7 

A9 =0.24 202 6 56462 74 0E -3 2 

Al0=- 0 .1271 6742804092E - 3 7 

All=0.28 8522005412 2 8 E- 4 3 

X=SDIST 

IFCX .EQ. o . O)X=l O. o 

CPB =l7.65775731 

CPC =2 3 . 543 6 7 64 1 


C PER CEIV ED NO IS E LEV EL 
PNL=A l+A2* (X)+ A3 *(X**2 )+ A4*(X**3 )+ A5* ( X**4)+ A6*(X**5>+ A7*(X**6)+ 

lA 8* (X **7)+A9 *(X **8)+Al 0 *(X** 9 l+ Al l* (X* * l0>+3.0 
C 	 EF FECTIV E PER CEIV ED NOISE LEVEL 

PA=P NL+(4. U*A LOG 10 (Xl 1 - 1 6. 0 
I F< X .GT. 2 00 0 .) GO TO 800 
PB= PA 

P C= P A 

P D= PC+ 4 . 0 

GO TO 80 1 


800 	 PB=PA-( CPB*ALOG 10 (X/ 2 0 0U .l) 

PC= PA-(CP C*A LOGl OCX/2 000 .)) 

PD=PC+4 . 


8 01 	 CONT IN UE 

I F (X l . GE . R . AND . RA TIO . GE . o . 17 6 3 l EP NL=P A 

I F ( X 1 • GE • R • Ai'W . RAT l 0 . LE . 0 • 1 76 3 J I:. P l'l L = P t::H ( ( PA- P tJ > * ( I"< AT I u / • l 7 6 3 ) J 


J F (X l . GE . A . AND . Xl . LE . R) ~P~ L =PC+ (( P6 - PCJ* ((X l - A l/( R -Al )) 

I F <Xl. GE . O. O. AND .X l .L E. A> EPN L= PD-( 4 . 0* ( Xl/A 1 ) 


I F <Xl . LT. o . o >EPNL=P D 

RETUR N 

END 
SUBR OUTI NE PO LYT4(A, R , SD I ST , ~A TI O , xl ,Y l , 1::.PN LJ 

c 
C TH I S SUB PFW GR Aivj C 0 NT A I NS TH E E P 1'l L VS • SL A T U I ST AN CI:. I NF UR 1v1 A 1 I UN 
C 4-E NG I NES TUR BOFAN ( 250 0 TU 3 500 M.)1 

( 

Al =0 . 1316146 0 42 4089 E+ 0 3 

A2 =- 0 . 199 07127 0 745 28 E- Ol 

A3 =0 . 3569 80 1 0908 1 1 3 E- 05 

A 4=- 0 . 3512111338 7 75 ~ E - 09 
A5 =U. 20433156 3 2015 0E -1 3 
A 6 = - 0 . 7432 02 14 0 ~4 2 15E - 1 8 

A7= 0 . 1 7 35 77 3 47 4 22 3 1E - 2 2 

A8= - 0 . 26 0 2033 309 37 8 3E - 2 7 

A9= 0 . 242 02 6 56 46 2 74 0 E- 32 

Al0=- 0 . 127 1 67~2 8 04 09 2 E - 37 
Al l =J . 28 8 52 2U05 41 228 E- 4 3 

,'= S DI ST 

I F{X . fQ . o . O) X= iO . o 

CP 8 =1 7 . 65 7 7573 1 

CPC= 23 . 54 36 7641 


C 	 PE RCEIV ED NO IS E LEVEL 

http:AND.Xl.LE
http:GE.A.AND.Xl.LE
http:A8=-0.26
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PNL=Al+A2*(Xl+A3*CX**2)+A4*CX**3)+A5*CX**4'+A6*(X**5'+A7*(X**6)+ 
lA8*CX**7)+A9*CX**8)+AlO*CX**9)+All*CX**l0)+3.0 

C 	 EFFECTI VE PERCEIVED NO I SE LEVEL 
PA=PNL+(4. 0*ALOG10(XJ'-16.0 
lf (X .GT. 2000 .) GO TO 800 
PB=PA 
PC=PA 
PD=PC+4.0 
GO TO 801 

800 	 PB=PA-(CP B*ALOGl OCX/200 0 .J I 

PC=PA-(CPC*ALOG10 (X/2 00U .)) 

PD=PC+4. 


801 	 CONTINU E 

IF ( Xl .G E. R . AND . RATIO .GE. 0.1763)EPNL=PA 

IF CXl.GE. R. AND .R AT IO. L . o .l763 )EPl L=Pb+((PA-PB)*(RATIU/.1763)) 

I F <Xl.GE.A.AN D .Xl.L E . F~>EPN L= P C+( ( Pt3 -PC) * ( (Xl-A)/( R-AJ J) 


I F CXl.GE. o . o . AND.xl .L E , A)EPNL =PD - 4.Q*(Xl/A)) 

I F CXl .LT• U. O)EPNL=PD 

RETURN 

END 

S UBROU TI NE POLYT5lA,R,SDIST,kATIO,Xl,Yl,tPtL) 


c 
C THIS SUBPROGRAM CONTA INS THE EPNL vs. SLANT DISTANCE INFOR MATION 
C 4-ENGI NE S TURBOPROP 
c 

X=SDIST 

JF(X .EQ. o . O)X=lO.o 

CPB=l?.65775731 

CPC=23.54367641 

CONST=Cll3.3-76.3)/ALOG10 ( 10000 ./ 300 .J 


C 	 PERCEIVED NOISl LlVEL 
PNL=ll3.3-CCONS T*ALOG1 0 (X/3 00 .>) 

C 	 EFFECTIVE P ERCEI VE D NOISE LEVEL 
PA=PNL+C4. 0*ALOG 10 (X))-16. 0 
IFCX .GT. 2000.) GO TO 800 
PB=PA 
PC=PA 
PD=PC+4.0 
GO TO 801 

800 	 PB=PA-(CPB*ALOGlO(X/2000.)) 

PC=PA-(CPC*ALOGlO(X/2000.)) 

PD=PC+4 . 


8 0 1 	 CONTINUE 

IF<Xl .GE. R .AND . RATIO . GE . 0.1763lEP 1 L=PA 

IFCX1.GE.R.ANJ.RAT IO . L~ . O . l 763'~PNL =~b+( (PA-Pbl*t~ATIU/.l763JJ 
IF(Xl.GE.A.AND.XJ...L E. R)EPNL =PC+ ( ( PB - PC ) * ( (Xl-/\)/( 1~ -A) J) 

I F CXl.G E . o . o ~ ANO .X l . LE . AIEPNL=PD-( 4 . 0*(Xl / A) } 
! F(Xl .Lr. o . o>EPN L=PD 

RETURN 

END 


c 
C 
C 

T H I S SU d P 
2- ENGINES 

0 GR/:;., ,v·! C 0 i~ TI':.. I NS 
TUR SO FAN 

T H C: C:. P 1 L \/ S • ~L AN T u I ST AN Ct I NF GR f.t: A T l 0 N 

c 
Al = . 13053563466267E+ 0 3 
A2= -~2972495 2 11 5825 E - O l 

http:IF(Xl.GE.A.AND.XJ...LE
http:IF<Xl.GE.A.AND.Xl.LE
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A3= .97796198188546E- 05 

A4= -.23249835387404E- 08 

A5= .326427 3020 1 512E-1 2 

A6= -.275 0 2421546 042E - 16 

A7= .143792972 22831E - 2U 

AB= -.47 0 85374 8255 63E- 25 

A9 = .94005337897154E - 30 

AlO= -.10 466348 959187E - 34 

All= .498 30375646654E-4 0 


C 	 VALUEl=ll.O/ALOG1 0 (175. UJ 
VALUE1=4.904 063045 
TDP=l OOO . 
X=SDIST 
IFCX .EQ. o . O)X=l O.o 
IF <X .GT· 35000.) GO TO 10 

C PERCEIVED NOISE LEVEL 
PNL=Al+A2 *(X) + A3* (X**2)+A4*(X* *3l+A5* (X**4)+A6*(X**5 )+A7*(X**6)+ 

lA8*(X**7l+A 9* (X* *8} +Al 0* (X** 9J+All* <X**l O) 
GO TO 20 . 

10 PNL=40. 0 -( 20 . 0*ALOG10(Ab S(XJ/35 UOO ·O)) 
20 CONTI NUE 

C EFFECTIVE PERCEIVED NOISE LEVEL 
EPNL=P NL+ CVAL UEl*A LOGlO< AbS (Xl/Z OO •J )-8 .0 

RETURN 

END 

S UBROUTINE POLYL2(Xl,Yl,SDIST,RATIU,R,EPNLJ 


c 
C TH I S SUB PR 0 GRAM C 0 NTA I NS Ttit E P L VS • SLA NT Dl ST A' CE I NF 0 RM AT I 0 N 
C 3-ENGINES TURBOFAN 
( 

Al= .13 053563466267E+ 03 

AZ= -.29724952115 825E - Ul 

A3= .977961981 88546E - 05 

A4= -.232498 35387 4 04E - 08 

A5= .3264273 0201512E -1 2 

A6= -.275 024215 46 042E-16 

A7= .143792972 22831E - ~O 


AB= -.47 0 85374825563 E- 25 

A9= .94 00 5337 89 7154E- 30 

AlO~ -.1 04 66348959187E- 34 

All= .4 983037~646654~-4 0 


VALUE1=4.9 04063 045 

TDP=l OOO . 

X=SDIST 

IFCX . EQ . O. O)X=iO.O 
IF(X . GT . 35000 .) GO TO 1 

C PERCE I VED NOISE LEV EL 
PNL=Al+A2*(X)+A 3* ( X**2)+A4* ( X**3)+A5*(X**4 J+ A6* (X* *5J+A7*CX**6)+ 

l A8*(X**7)+A9*(X**8)+AlO*<X**9)+All* CX**lOJ+l . 76 
GO TO 20 


10 PN L=4 0 . 0-( 20 . 0*ALUG 10(A8S(XJ/35 000 · 0)) 

20 CONT I NUE 


C 	 EFFECTIVE PERCEIVE.D OISE LC:Vf::L 
EPNL=P1 1L+(VALUEl-*ALOG10 ( AciS <X> / 200 · ' )-8 . G 


RE TUR 

E D 

SUBROUTI1 E PULY L3(Xl,Yl,.S DIST,k ATiu , R,EPNLJ 
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c 
C TH I S SUBPROGRAM CONTAI NS THE EPf L VS. SLANT DISTANCE INFORMATION 
C 4-ENGINES TURBOFAN (500 NM.) 
c 

Al = .13053563466267E+ 03 

A2 = -.297249521158 25E - 01 

A3= .9779619818 8546E - 05 

A4 = -.2324 9835387404E -U ~ 


A5 = .3264273 0201512E -12 

A6 = -.275 02 421546 042E -16 

A7= .143792972 22831E - 20 

A8 = -.47085374825563E - 25 

A9= .94 00533 78 9 7154 E- 30 

Al O= -.1 046634895 9187E - 34 

All= .4983 03 75646654 E-4 0 

VA LUE1 =4. 904063045 

TDP=lOOO. 

X=SDIST 

l f (X .EQ. o . O)X=lO.o 

IF<X .GT. 3500Q.) GO TO 10 


C PERCEIVED f OISE LEVEL 
PNL=Al+A2*(X)+A 3* (X** 2) + A 4 *(X**3)+A5*(X**4'+A6*(X**5J+A7~(X**6)+ 

1A8*(X**7}+A 9* (X **8 l+ Al 0 * (X**9) +All* (X**l0) +3.0 
GO TO 20 


lU PNL=4U.0-(2U.O*ALOG10(Ao~{XJ/35UOU·O) 1 


20 CO NT I NUE 

C EFFECTIVE PERCEIVtD NO I SE LEVEL 

EPNL=PNL+(VALUEi*ALOGlO(ABS(XJ/ZOO.J l-d.O 

RETURN 

END 

SUBROUTINE PO LYL4(Xl, Yl,S DI ST , RAT10 , R, t:.PN LJ 


c 
C THIS SUtWROGRAM CONT AIN ~ THE t:.P1~L VS . SLANT J IST Ai~Ct 11 FvK :•1ATI01~ 
C 4- ENG I NE S TUR ci 0FA1\1 ( 2 ? 0 U Tu 3 5 U u J l"i • ) 

c 
Al= .13053563466267E+0 3 

A2= -.2972495211582 5E - Ul 

A3= .977 96198188546E - 05 

A4 = -.23 249835387404E - 08 

A5 = .3264 2730201512E - l~ 


A6= -. 275 U2421546 0 42E-16 

A7 = .14 37 9 2972 2 2831E - 2 0 

AB= -. 4708537482~563[ - 25 


A9= . 940 0 5337897154E - 3 0 

AlO = -.1 0466348 9 59187E-34 

All = . 4983 0 375646654E-40 

VALUE1=4 . 904063045 

TDP=lOOO. 

X=SDIST 

I F <X .EQ. O. O)X=lu . o 

! F{X .G T. 35 000 .) GO TO 10 


C PERCEiVE D NO ISE LEVEL 
PNL=A l +A2*(Xl+A 3 *(X * *2l+A4*(X**3J+A5*(X**4'+A6*(X**5'+A7*( X**6)+ 

l A8* ( X** 7 l +A 9* (X **H l+Al0*(X * *9 ) +All * (X * *l 0 )+3sO 
GO TO 20 


10 PNL=4 0 . 0 -(2 0 . 0*ALOG1 0 (A o S(X J /3 S UUO . O )) 

2 0 CONTI UE 
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C 	 EFFECTIVE PERCEIVED NOI~E LEVEL 
EPNL=PNL+(VALUEl*ALOGlO<ABS(X}/200.} >-8.0 
RETURN 
E D 
S UB R 0 UT I NE P 0 LY L 5 ( X 1 , Y 1 , SL> 1ST , RAT l 0 , R , t P l'i L ) 

c 
C TH I S SUB PR 0 GRAM C0 i\J T A I NS THE EP J . L VS • SL AJ T U I ST AN Ct:. I NF Uk 1'°IA T I 0 r~ 
C 4- ENGINES TUR B PROP AI RCKAFT 
c 

VALUE1=4.904063045 

CONST=Cl06.4-72.0)/ALOG10C20.0) 

TDP=lOOO. 

X=SDIST 

lf ( X . EQ . OeO)X=lO.O 


C 	 PERCEIVED NOIS E LEVEL 
PNL=l06 .4-(CONST*ALOG10(A8SCX)/30Q . O)) 

C 	 EFFECTIVE PERCEIVED NOISE LEVEL 
EPNL=PNL+CVALUEl*ALOG10(AbS(XJ/2U O. J )-8.0. 
RETURN 
END 

6400 END OF RECORD 

1 1 0 0 0 1 1 0 0 0 
1 1 0 0 0 1 1 0 0 0 

l 1 l 1 0 1 1 1 1 0 
l 1 1 1 0 1 1 1 l 0 

.45 . 4 5 o .o o.o o.o .45 .45 o.o o.o o.o 

.45 . 4 5 o.o o.o o.o .45 .45 o.o o.o o.o 

3.6 3 . 6 1.75 2.0 o. o 3 .6 3.6 1.75 2 . 0 o. o 
13 . 5 1 3 .5 s .2 5 6 . o o . o 13.5 13.5 s . 25 6.o u . o 

. 0 5 . 0 5 o. o o . o o. o . os . os o . o o. o o. o 

. 0 5 . 05 o . o u . o o . u . 0 5 . o s o . o o . o o . o 

. 4 .. 4 . 25 .75 o. o . 4 .4 .2 5 .7 5 o. o 
1.5 1 .5 . 75 .75 o. o 1.5 1 . 5 .7 5 . 75 o . o 

END OF FILE 

CD TOT 1137 
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I• THE CONSTRUCTION 	 OF THE EPNL VERSUS DISTANCE 
CURVES 

Figure 5.3 (see Chapter 5) illustrates typical 2~ngine turbofan EPNL vs. 

distance curves as used in the computation of the N EF con tours. The 

EPNL vs. distance curves were constructed according to the fol I owing 

procedure. 

Take-off 

1. 	 The perceived noise levels in PNdB due to take-off were calculated 

theoretically as a function of distance (not considering ground or 

terrain attentuation effects) as detailed in Section 4.4, Chapter 4. 

The predicted levels were approximated by a 10th degree poly­

nomial. The computer program used in this analysis and the results 

obtained ore included in Appendix D. 

2. 	 Field measurements were analyzed according to the procedure given 

in Section 4 .2, Chapter 4. The measurement results were divided 

in to four groups . 

The first group consists of 5 measurements which have been 

taken opposite to the break-release point and before the airc raft 

started the take-off roll. The maximum levels were noted in dB(A) . 

The points numbered 1 to 5 on Figure E. l and Figure E.2 ii lustrote 

the measurement locations and the results obtained respective ly. 

The second group consists of 5 noise level recordings 

which have been noted just before the airc raft started to t ift-off 
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the runway. The elevation angles between the aircraft and 

the observation points are zero degrees in this case. The points 

numbered 	6 to 10 on Figure E.1 and Figure E.2 illustrate the 

measurement locations and the results obtained respectively. 

The third group consists of 38 measurements which have 

been taken after the aircraft I ifted off the runway. The elevation 

angles in this case are in the range from 1 to 90 degrees (90° 

means an overhead aircraft). 

3. 	. The results were plotted and compared with the theoretically 

developed PNdB vs. distance relation. Inspection of the results 

reveal that: 

(a) 	 Measurements taken for the aircraft in-flight and provided 

that the elevation angles were greater than approxima te ly 

10° show a good agreement with the theoretically developed 

equa t ion. 

(b) 	 On the other hand measurements taken for the aircraft in ­

flight and provided that the elevation angles were less 

than 10° exhibited, in general, less PNL as compared 

with those measured on greater angles. The difference 

was noticeable especially on distances greater than 2000 ft. 

(c) 	 Measurements taken opposite to the break-release point 

(stationary aircra ft), generally exh ibited higher leve ls than 

those measurements taken at an equal distance for the 

aircraft in-fl ight or at the end of the take-off roll. 
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4. 	 In order to calculate the NEF values at greater distances than 

those measured in the field and to facilitate the computations, 

the theoretica 11 y developed equation was adopted to re present 

the PNdB vs. distance information (designated PA). However, 

it should be noted that this equation was developed for an 

aircraft flyover not considering the ground and terrain attenuation 

effects. 

5. 	 To introduce the ground attenuatio.n in the final analysis, equation 

PA was modified by trial and error in order to achieve a reason­

able fit of the experimental data. 

(a) 	 Curve PC was fitted to the data representing aircraft 

noise levels in the locations opposite to the lift-off 

point (elevation angles equal to zero degrees). 

(b) 	 Curve PB was fitted to the data representing the aircraft 

in-flight at very small elevation angles. 

(c) 	 Considering the results obtained from the 5 measurements 

taken opposite to the break-release point, it was assumed 

that the difference between the noise level produced by 

the aircraft prior to take-off (at the break-release point) 

and the noise level produced at the lift-off point is 

approximate! y 4 dB (th is reduction is mainly due to the 

decrease in effective exhaust velocity as the aircraft 

accelorates along the runway). 

Accordingly, curve PD was constructed by adding 4 dB 
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to the values of curve PC (note tho t in both cases PC 

and PD_, the elevation angles are equal to zero degrees). 

FigureE.2 illustrates the experimental data and the 

developed curves PA, PB, PC and PD. 

The Developed Equations 

x10~A= Al+ A2 x + A3 x2 + ..........+ A11 [PNdB] (1) 


If x < 2000 ft. 


PB = PA [PNdB] (2) 


PC= PA [PNdB] (3) 


PD = PC + 4.0 (PNdB] (4) 


If X > 2000 ft. 


x 
PB = PA 	 - 17.7 log [PNdB] (5)

2000 
x

PC = PA 	 - 23.6 log 2000 [PNdB] (6) 

PD = PC + 4 .0 


where X is the slant perpendicular distance to the aircraft(ft) 


6. 	 The PNL values were corrected for typical time durations 

as discussed in Chapter 4 and the final results were 

expressed in EPNL values. 
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