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of equal noise exposure about airbases resulting from aircraft
flight and ground runup operations . For the Boeing 707-300 air-
craft, the new , simplified model yielded results within 0.5 dB
of those obtained with more complex computational procedures
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SUMMMRY

This report discusses an analytical approach to determine

the noise levels at various locations resulting from an aircra±t

accelerating along the runway for takeoff. A time history of

the noise event is constructed by means of moving a noise source

past observers at different sideline distances distributed

behind and along the runway . Based on this , a relationship

is obtained between the noise level at a constant speed and the

noise level during acceleration . Also Included is an analysis

of the effects of gradually increasing the power during the

initial part of the ground roll. It is concluded that the

effects of this non—instantaneous power addition are small ,

and that there is no substantial benefit in including it in

the model.

A procedure is presented for incorporating the results

of the study into a computer model. The procedure is intended

for use with NOI~~~ 1AP , a computer program developed by BBN for

the U. S. Air Force , designed to calculate the noise exposure

resulting from aircraft operations.

— 1 —
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PREFACE

This report is one of a series describing the contractual and
in-house research program undertaken by the Aerospace Medical
Research Laboratory under Project/Task 7231014 , Measurement and
Prediction of Noise Environments of Air Force Operations , to
develop a procedure for predicting the community noise exposure
resulting from aircraft operations. Other reports previously
published under this research program include : AMRL-TR-73-lOS ,
“Community Noise Exposure Resulting From Aircraft Operations:
Application Guide for Predictive Procedure” ; ANRL-TR-73-106 ,
“Community Noise Ex~osure Resulting From Aircraft Operations:
Technical Review ” ; AMRL-TR-73—107, “Community Noise Exposure
Resulting From Aircraft Operations: Acquisition and Analysis
of Aircraft Noise and Performance Data” ; AMRL-TR--73-l08 ,
“Community Noise Exposure Resulting From Aircraft Operations:
Computer Program Operator ’s Manual” ; AMRL-TR-73-109, “Commuiity
Noise Exposure Resulting From Aircraft Operations: Computer Pro—
gi’am Description” ; AMRL-TR-73-l08, Appendix “Community Noise
Exposure Resulting From Aircraft Operations : NOISEMAP Program
Operator ’s Manual” ; AMRL-TR-73-lOB , “Addendum For Version 3.3
of NOISEMAP ” . Technical monitor for this effort was Mr. Jerry
Speakman of the Biodynamic Environment Branch . Partial funding
for this effort was provided by the Air Force Civi l  Eng ineering
Center , Tyndall AFB , Florida.
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I NTRODUCT ION

The calculation of noise levels at some point on the ground

as a result of flight operations can be made using relatively

straightforward procedures. Data obtained from flight tests can

be extrapolated to various distances , and adjusted for speed.

The effects of sound propagation at low angles above the ground

are accounted for by considering the excess attenuation occurr-

ing in this mode of propagation. Interpolation is used for

intermediate angles.

These procedures work well for the case where the aircraft

is airborne; however , the situation is much more complex during

the takeoff roll , where the aircraft Is accelerating, and where

the power is applied over a finite time period. This situation

has been accounted for in computations of noise exposure by

H adding a correction which is a maximum at the start of takeoff

roll , and reduces as the aircraft accelerates down the runway .

For a typical takeoff , an offset of’ /4 dB was added to the sound

levels at the start of roll , relative to the lift—off point .

This was reduced to 0.5 dB half—way through the takeoff roll,

and zero at liftoff. This results in a constant increase In

noise levels at all points along a line perpendicular to the

flight path. The magnitude was derived from limited sideline

measurements. In practice , this should be a variable value .

Application of the empirical relationships obtained from the

4 data also gives rise to some ir~consistencies in dealing with

operations of the same aircraft at different weights , and also

results in zero noise exposure in the area behind the start

of takeoff roll , ‘.‘xhlch is an area actually receiving an appreci—

able exposure because of the dircctional characteristics of

jet noise.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_
___________________________  
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PROCEDURES FOR NOISE LEVEL CALCULATIONS

The noise level at a point on the ground at a particular

time can be determined from the relative position of the

aircraft and observer , and the shape of the noise radiation

pattern at that time . By considering the movement of the

aircraft past the observer , it is therefore possible to

construct a time history of the noise level from the time

that power is applied to the time when the noise level has

once again fallen to a low level following passage of the

aircraft .

There are a number of effects on the radiation pattern

which are a function of forward speed. The most significant

effects are the change in shape of the directivity pattern

and the change in noise level as the relative velocity of the

jet exhaust varies. For the purposes of this study, the

effects of forward velocity on the shape of the noise pattern

have been ignored , and the pattern is assumed to be that of a

static full—power runup . The noise level is assumed to change

as a function of the forward speed according to the relationship :

/V — V \ 6
H A d B = ( —~-~ 

A
; *

\ j /

For the basic investigation of the sideline noise levels ,
4 the aircraft acceleration is assumed to be uniform . The

3implified model used in calculatirij aircraft performance

(Reference 1) is employed to determine the ta :eoff distance

* N e f i n i ti nn s  of the symbols used are provided at the end of

the text .

L . . . . .~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and speed for civil aircraft . Using the terminology of

Reference 1, the takeoff distance , S~ , see Figure 1, is given

by

S C W 2 feeto 1

and the speed at S0 is given by

V = C2/W knots

These relationships are used to develop the expression for

distance from the start of takeoff roll as a function of time ,

as follows :

1 C 2 
K2 2D = x ~~

-
~~-- x a— X T
1

The distance D is in feet , W is in thousands of pounds , T is

in seconds from the s t a r t  of t a k e o f f  roll , and K = 1 .6 88 , to
convert knots to feet per second . Similarly, the speed at

time T is given by

1 C 2 
KV = x ~~

-
~~--- x x T knots
1

The noise level patterns used were derived from data

acquired as part of a USAF project (Reference 2). The runup

pattern of a C—l141 aircraft was used to simulate the noise

characteristics of the Boeing 707—300. The TF 33 engine of

th ’:’ C— l/4l is an uprated version of the JT3D which powers the

707—300.

The runup patterns were processed by NOISEMAP 3.2 with

the appropriate operational information to generate a grid of

A—weighted noise levels to a scale of 1 inch = /400 feet with

200 feet grid spacing. Time patterns were generated at one—

—6-.

L~ .
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55 .

second intervals for five sideline distances and at various

positions relative to the start of takeoff roll. The values

between grid points were interpolated , and then adjusted for

forward velocity at that time . The resulting t ime history

:-1a3 sum~med over the upper 10 dE of signal , usi~,b the relation-

ship :

SEL = ~O log10 ~~antilog..0 ~~~~~~

A reference value was calculated for the case of a constant
speed segment of the flight path , at a speed equal to the

speed at S0. The values at other positions were all related
• to this reference value .

-55
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VARIATION OF S 1UE L INE ~0I SE LEVEL N I I H  S~~s i ~i .~

The cal~~ul~~t 0  a~ ~ .~~1i h . J  ‘
~~~~ ~o~~t 0~~~ II . ‘. r ~i ~~~~~~~~

for  a ~3oe~ing 707—300 uO ’!tO/J a tta oo~ f :oi .~~t oF 2 G 5 ,~~o~ .t~~~~~.

and in less ~J~~’ oil f o  a~ i — lU ~~. t o o  s~~~~ht  0 0 t h ’~ 7J ( ~~~
to genera te  a c l O m O  s~ ~ -ou o ’ io O n J t O .  th /~ co r r’o . i .L o . - ,o~ :~~o :f

d i s t ance  Is :~7 7 9  i’~~~t . N O  •:~~ oa oe~ oor ’e do ~ I~~u ’~ f~’cm r . a

the  r e f e r  ~~~~ ropoo - . T”~r’ th e  ce.h.~ 7 0 7 — 3 0 u , ~rie va loe  of

C 1 is ~~~~~~ ~ h . ) 3  -
o .l; 7 2~ ( 2 f ~~.2 0~~) 2 

= / 4 7 7 9  fe et .  C 2 is 9.99~
thus  spee i = ~~~~~~~~~~~~~~~~~~~~~~~ = 0 ( J  k n o t s .

For c on , ’o: . l . :r :ce , o 1  noise  .TeTh are related to  the  va lue

at 160 ~~~~~~ :oe .‘~‘ .‘:aa,ce In n o l ie  le-;els 15 r e f e r r ed  to  as

A~~, to  con f ’ o ’ : . h . -
~~~ v.  o~~~0 — u. ;d t c r ’mi r ,o logy .

F i gor e  2 soo n:. t h .~ v a r i a t io n  of A 6 as a t~~r~c~~i n  of the

p o s i t i o n  of an o o o c l : .o aion~ a 11; e 1000 fe e t  Fro m t h c  runway

c e n t e r l in e .  ( : J o t e  t h a t .  t~ . 00  70:a Ot on  assomos no chance of

power s e t t o n~~o ‘oa .uu ~o a n n .  Too vo ue~ ~c l u c e  u or ’a taon

e f f e c t s  a r d  t oo  ~-~~J a o : i o r i  in t r~ ’~~. t  a s f o r . .  ~~~ speeci ~ocr oases .

This i~~i i c t t c i o  t h a t  • n o  rnax iro~a:. noi se  l o v ol  occ ,ors at -i po in t

b e h in d  t h e  st ar t  of r o l l  w i t h  a va l u e  of a pp r o x im a t e l y  + 9 .5 dB

re l at  i-j o ~o th e  160 Pt c o i i s t a r o t cooed ‘v~t l ue . At  f o r t / or u s —

t a n o • s  beh rj  t h e  s0a~~o of rol l , the  noise  l eve l  f’ a llo  off  q u i t e

L : .  At a poo ’t io n  close to the  aircraft liftoff , the A 6
v a o o  :~ • : . ~-r ~~, and h a i fwa j  be tween  the  s t a r t  of roll  and l i f t o f f ,

th ’~ va lue  a p or o x i r ia t e l y  + 2 . 5  ciru .

j  A’. oth er ’  s ic te l no c 1 L s t a oc e s , che v a ria tion  of A.- has  a

H c~~:. L a r  ~h o n , bu t  w~~t~o d i f fer e n t  mo x i roo m va lues  occu rr inf  in

‘II f f ~~r e r ; U  p O S  ~: o n .  . t1o co sp~~:’at ive va lues  are shown a

r’h ~to r’e 3. Tiio nac io .~a v a l u e  of A 6 is [r ea t e r  at c lose d i s t a n c es

and occurrs at  a p o i n t  c loser  to the  s ta r t  of r o l l .  T h i s  can be
attribute .! t o  th~ directional nature of the noise source.

—_ _ _
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The valu e of A 6 varies with the aircraft weight . The same

aircraft at a heavier weight accelerates more slowly, with a

correspondingly higher duration during the initial part of the

takeoff roll. Also , more runway is required to accelerate , and

the lift—off speed is higher. Using the same simplifying assump-

tions as before , the noise level at any given location and time

is a function of the aircraft position at that time .

The adjustment for duration is a function of the speed , which

at any given position during the acceleration is proportional to

I/cl. From this , it may be deduced that during the takeoff roll ,

the adjustment is given by

A 6 = 5 log10 W/Wref

The duration of the noise signal at distance is inversely

proportional to the speed. The speed is proportional to1~i

Thus at S0, the value of A 6 Is 
- 5 log W/W re~~ which is of equal

-5-. value and opposi te  sign to the value at the start of roll. This

s impl i f i ed  analys is  ignores the small changes in ins tantaneous
noise levels due to the change in relative velocity of the jet.

The test  the ana lys i s , the procedure of calculating and
in tegra t ing  noise levels was repeated for a 707 at its maximum
certified takeoff weight of 333,600 lbs. Using the relation-

ships derived above , the value of A should be increased by

5 log10 256:205 = 0.6 dB at the start of roll , and reduced by

0.6 dB at liftoff. The changes obtained by a point—by—point

analysis  were s l ight ly  higher than the 0 .6  dB predicted due
primarily to the use of a simplified duration change model ,
and neglecting the effects of forward speed changes on the

jet noise output . The error in ignoring this effect is relatively

— 12—
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small, and in view of other uncertainties , it is recommen ded
that the simplified duration model should be used. Results

from future test programs may suggest changes in this model.

A step—by—step procedure for calculating the required offset

is provided in AppendIx A.

In applying these results to other aircraft types , it Is
necessary to take into account other parameters. For example ,

the values of A 6 derived above are all related to the noise

level at 160 knots. Thus if the noise data to be used corres-

ponds to a different speed , then an allowance must be made

for this. As an example and test case , the analytical values

of A 6 for an F— lO/4 takeoff were calculated based on the rela—
• tionships derived for the 707, and also by moving a runup noise

source past an observer.

The liftoff speed for this aircraft is 200 knots with a

takeoff roll of 3000 feet. Thus the acceleration , which is

proportional to V2/50, is (200/160)
2 x /4779/3000 = 2./49 times

that of the 707, corresponding to a change in the A 6 va lue of
— 5log 2.~49 = —2.0 dB for acceleration . Relative to the 200

knot liftoff speed , the total difference in the A6 va lue would
be —2.0 + 10 log ~-~-g- = —i .o relative to the 707 value . To test

this , the value of integrated noise level at 1000 feet sideline

distance at the start of takeoff roll was computed with the

afterburner runup pattern . Relative to 200 knots, this gave

A6 = 7.5 dB.

Using the above analysis , the predicted value is that

calculated for the  707, 8.g dB , with an offset of —1 .0, to

give 7.9 dB , compared with 7.5 dB by the other more complex

method . This agreement is good , particu larly in view of the

— 13—



considerable difference in enj.ot oo t y p e s , ~~. e., an afterburning

turbojet as opposed to a lco i l~ ,p acs  r’~~0io turbofan , with

corresponding differences in noise s’ad at~ on characteristics.

In practice , during normal ouerat~ ons of civil aircraft ,

the power is applied as the aircraft starts its takeoff roll.

The result Is a varying acceleration and noise output , and full

power is not reached until the aircraft has an appreciable for—

ward speed . The noise levels resulting from this operation

were computed by assuming that the thrust increases uniformly

over a period of ten seconds , with a corresponding changes in

noise output. The resulting values of A6 are shown in Figure /4.
The position of the maximum value is displaced by approximately

200 feet , and the magnitude is reduced by approximately 1 dB.

At positions beyond about 500 feet from the start of takeoff

roll, the values are indistinguishable from those of the simpler

model.

At the present  time , thor-c is no complete measurement data

available to make detailed comporison with the information

presented. Some limit-ott da t a  ac~~ ired for the purposes of

defining adju3tnents do iO -~ Lhe takeoff roll were compared ,

and zho~-~ 1’-aa ;uIoWl ! aac~ .nr!cnt~ fotditional measurements under

carefall-j co-n.:’oI~~eI e . ~tooo ~~u~ tt be re~~oi red  to validate
-
~~ or refine tho- oladel.

-4
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C OM P U T E R  SIM U L A T ION M O D E L

This section deals with  a means of generating the required

of f se t  values In a form compat ible  w it h  NOISEMAP . With the

existing computation procedures used by NOISEMAP , the value of

A 6 specified at a given distance 
along the flight track is

applied at all distances perpendicular to the flight track

at that point. Two exceptions occur , one which is used for

curved flight paths to take into account the variable duration ,

and the other which occurs at the start of takeoff roll. The

former is of no significance in this study, but the effect of

the latter on the noise contour pattern is important . It is

clear that for correct simulation the value of A 6 should vary

with distance from the runway centerline , and therefore simply

adding a A 6 
value at this point will not accurately model the

contours .  Therefore , it is necessary to superimpose on the
contour generated by the flight operation a noise pattern with

which it will combine to generate the required shape. An examiri—
• 

~~
-5 • at ion oF  th e  required con tour  snaL o indicates  that  it has a form

similar to a droand runup p a t t e o n i , which  is specif ied in terms of
noise levels at var ious  angles and distances from the aircraft ,
in this case assuned to be at the runway threshold. The procedure

used in calculat0n 1~ one ~ontour.. to be superimposed was to determine

the values genera ;~ d by flitthL cu~~-ati ens along a given line and

then to determino toe noise levels to be added along the line to

generate the required contours. t.nis was done for a number of

angles from 00 to l~ u ° fr om toe aircr-oit nose. For simplicity,

the contours behind the aircraft no-re closed using circular arcs.

Several cuts wet- - necessa ry  to  obtci :L ro the desired results. The

fixed sc - woe ‘t ruosp ” pattern was then normalized with respect

to the ~~ ~~~—to -- - 
auna.~ r~r’o~~aoo.c t ~cn ~aiucs used f-or flight

operati a: - . 1ii -~ s a p a t t e r n  can u C uoovelo~ed for any aircraft

by adding the of~.~sets to the ground—to—ground noise values at

-I , .
— _I_ J --
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the corresponding distanoc . Toe c,ffset -.inI-t o: nod a Li~~ 1LflS Of

• applying them are discussed in t i r~ App n dr x .  Fi~ u r es 5 and 6

show typ ica l  contour  set ~ , 000 L; or ; 1 no ~~~~~~~ the ron- tel and

the other without the fixed r~~u o o ” :a;ece.

The e f f e c t  of us i r i~-: the  mcoe- l d er i v e d  1:c-re depends on the

-~~ size of the noise con tou r  3 .  The m~:jor  e f f e c t  is to increase
the noise levels abeam of and L~~h lj ~J the  runway , pa r t i cu la r ly
at f u r t he r  d is tances , where  toe s :Lrne l i f i ed  model underpredic ts
the noise levels.

5-

4

- 17—
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CONCLUSIONS

i1ee j •~t~O -O • - •i 1 t 5 / t  I ?v o l e p o d  due l ed  t h i s  s t u d y  pe rmi t  a more

acou i ’ca e si o sl a t  hoe t he e  pi ’ev~~oo:1y ava i l ab l e  of the  noise

levels  oocsrrhe~ as an au -s i - -i tt  s tar t s  i t s  t a k e o f f  roll. The

F m e o n u - o  is ~ en -orn t no ~ a o n l oatj le  to all ~et aircraft types.

A number - F to . ~t -o :- s  -woo .  i n f l u en s u  the  a c c u r a c y  of t he  s r oula—

t ion , wi it t nor’s era: p i - ; - o e d u i - e :  ( su c h  as ex t -ended  r un u o s  on

o r o~- r u n o ey  t o ,  o r - :  o e a - : o f f )  , th e n  sn e er e r  c o n s i d e r a ti on  IS

re~j u I : -~~J .

otts w:s p r o v : - seu  in T a b l e  A — i  are b a sed  on a t h e o r e t i c a l

an e i v o ls .  Fox’ f u rt h er  refinements of the  da ta , it h i l l  be n e c e s —

sax-y to unciertahe n contr’oIi-n-i me a s u re m e n t D e udr am .

— t o —
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DEFINITIONS OF SYMBOLS

C 1 
it c o n s t a n t  used to c a l c u l a t e  t a k e o f f  d i s t a n c e .

C 2 A co n s t an t  u-sc-i t o  c a l c u l ar e  c l i m e  speed.

f v e in - c eo p o rt i o n a l  to  a i r cr a f t  a c c e l e r a t i o n .

k A cons~~ao~ to  -o coet-ei ’t knots  to  F~~ot per second.

AlL A- u I / i  I xo c :  t a o  L e v e l .

A 1 :o~ra~-ff di:;
C

V . Ai x -or-aft V loc~~t~~.

‘7 . Jet e x h a u s t  --a o . ’l o i i o y .

.‘~~1Oj ~~~~ W S~ S-Ct :’ c l i m b -  o-e - :.i o.-Joo 0.00 ’:; Inc i no p e r a t i v e .

A i r c r a f t  w:-~~~h o in 0 5 0 0 5 5  ‘ t I :  0 ” ; 0- 5 . 1 5 .

An C Jj  s st w en t  to  Su~ t o  a - o o o - ~ rh ~r - ‘~-n ; - s c - t ana d u r a t i o n

cnur i ~~es .
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RE FE RE~ CE S

1. “Da ta  Base fo r  P r - e n i c t J : ,  - Bo i se from Air -or- af t :

f r i
~~

r:: P r of i l e  P r e . i ’ -: t : ion ” . t-~ --~~ Re ar”. 2 7 f f , Boy . 1976.

2.  “ 52 c- s o . I o d n l t y  B oI s e  Ex posure R e s u l ti n ’  fr ’u:. A i r c r aft  Opera—

t h o es :  A c ou s t i c  D a t a  on :- , J i i t ar y  A ir or a f t ” . A h R B — t  R — 7 3 — l l O .
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A P P E N D I X

I M P L E M E N T A T I O N  O F  T H E  M O D E L

This - app - -n l x  d e sc r ibe s  how to c a l c u l a t e  a dj u s t m e n t s  to

Ito . : i I - -to  n o i se  let-a to sic:ulate the noise level: occurring

Ju r ie i c ;o.e  t - aseof ’ f i- -al l .  in essence , it consists of super—

ir o p c s I : 5  on tee f’ll .;ht ope ra t i on  en a r t i f i c l a l ly — p e n e r a t e d

o. -o.i n - .xc p a t t e r n , each w i t h  the co rr ec t  o f f s et s , to -j L t tj f l  the

d e s i x c u  sos -n t .

::Li HT OP EF AT IO B

The no ise  p r o f i l e  ( g r o u n d — t o — g r o u n d  and a i r — t o — g r o u n d )

and altitude profiles are specified in the normal way . A

special A 6 p r o f i l e  is r equ i r ed , w i t h  s p e c i f i e d  values at the

s t a r t  of t a k e o f f  rol l  and at the  l i f t o f f  po in t . Fol lowing

is a s t e p — b y — s t e p  nr’ocedur e :

( 1)  D e t u r n l r : - -  t h e  e f f e c t  lye d i s ta nc e  fr’om the  st a r t  of

t a k e o f f  r o l l  to l i f to f f ’  3~~, in f ea t .  No te  t ha t  if

ther ’e  is an a c c e l e r a t i o n  phase  d u rin g  the  i n i t i a l
c l im e  lar o edhot e ly  as te r  t a k e of f , the  s t eady  cl imb

segroer : t :;houlci be p a c - i e c s t-J best  to zero  a l t i t u d e ,

O / i  t he  i n  oer ’ -s~~t p o i nt  Osed f-a deco r-A . - e F t h i s
0

it  o0. pat1sI~ 5101/ ehr ~~ , ‘~~~O i ~~~iJ  c,I r_ ntI f 10: ~.se Ati’

c i vI l  nh-craft .

( 2 )  Oet e r ;n The  t he  • i : d t i - i l  c l i mb  speed a t  d i s t a n c e  S0 in

,<n -o ts .  For cor v e n i - - :-ece , Th1/3 can be called V2 + 10,

a.n to U S : i  ru’ cIvi l  ah o c  silt

( 3 )  Detex’il ne ~ , the o.e eed cc/rrespondiec to the noise 
- to to wood .

A— i
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~ + 10) 2
( f )  - ‘al:- u h D - o t h e  -:‘ i i l~ .- = a / s  ho px’otc-rtlonal

to thc- as-celeroistOrl. 0

(~~
) J e l su  iate A 6 o-xt t h e  s t ar t  of t~~k s o f f  roll

5 .357/f + 10 log o. f 0~

(6) falculate A 1 at distance A

= 10 l0r ’(~~~~~~~~

(7) It  r e q u ir e d , calculate A 1 
v-i l wS at further distances

from the start of roll.

lxa :rp l e :  r~1ot4 a f t e r b u r n e r  takeoff

(a) F0 = / 0 0 0  f ee t

(b) Initial speed at S0 = 200 knots

, - ,~ ir — -
~~o .n - - -

~ L. j v — — ~_‘rex

- 200 2 
-(~~) = — ~~~~~

( e )  -16 at- s t-r et  01’ ro l l  = 5 lo~o 0~ st~ + 10 log

= — 2 . 0 + 1./ 0.2
0- t i

( 0 ’ ) A5 - -ot - ‘ = o. •~~~ O •a

= + 0 .8

+ Li ho 0:3 - he.-’ f’ow C O I L ’-J’ OIO flCC to indicate the initial

d i a L  ,:.roe-aJ . m :~ tI/r’: lnology is consistent with transport

type aircr’- ot - , hr a- v -o s  there is no equivalent for other

ar!’cI’~r ty~ -

** - o r ’  ~, e -  7-il’ use as ti:: ba sis fox’ tt , -~ mode l ,

= l602/577 1 = 5 . 3 5 7 .  
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(8) tp-ood at 16 ,000 fr -at from brake release is 300 knots.

A b lO lO o 300

Tue r- - ou ~ r’ r’ l  ‘
~6 

1- rof i  c is as f o l lo w s

D i s t a n c e  //:
U

0 — 0 . 2

3,000 + 0.8

16 , 000 — 1.0

e t c .

I: .IFL~/ ° .~~’N T A f _: f ’ i c - th E NOBEL

I - O c r ’  no :h:to.x l ’i ’re  the  t a k e o ff  rol l  noise in ca lcula t ions
- 

‘ ~~ 1u - B L’.B’- IAB , an art  t i  c i n . 1ly_ ~~:oco” ot o . l  s t a t i o n a r y  noise source

m o s t  U ,i- io- i. ~ :. p r a c t i c e , f -h i s  ma:- ’ be t r e a t e d  in exac t ly  the

s am e mano r ‘is a - :r o t n o.r  r ’ s n - r r , n i t - h t h e  a rc~ aft at the  end of

one o. - o : , , : - : ~ , h ’~ -l ’u , O h ’  ~:L’~~ct  un of  Fl h 1  . ~able A —i li sts

the  x’e os  i-si o: ’? s e f s  to  : -  - -a 1 ’ - l l u d  to  the  ~ r o c n d— t o — g r ou n d  f l igh t

no te , n3 on o ur: -t  Len o O ’ sn:~le sea a i s t u n c o .  These o ff s e t s  should

be use-a to g-_- i: ’ - : - :xt e  t h e  s ’ e r cui o ’v nol  cc source .  In addit ion ,

a vsiu~- 0 ‘/ ~ h or ~~ i ai so r - -  a~- : - l - i , e-: s n l  to  rL ~~t for the
U - -

I’l l ht  - u n - r - ’ f  0 ) r I  -a~ 
‘ , ! of ’  t o m e  tc m1 - : o~ : o . ’u l l .  Fox ’ each

Fl I ‘ho o~ e m e t  a~: , a c m i :’- i - m r ’ e ’ on -a F - a c  second is requi red .

4
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I
TABLE A- i

O F F S E T S  ~OR R U N U P  P R O F I L E

D i s t a n c e  ‘)f f~ as in
L fe e t  0° 20° 35° -- — ‘10° 90°  110° 130° 1800

200 17.6 17.6  1 14 .8  1 1 4 . 0  11.8 12.2 12.1 114.6 114 .6
159 17 .5 17 .5  114 . 1  13 .7  11.6 12 .0  12.1 114.5 114.5

315 17. 14 17 . 14 l 1 4 .~ : 13 .3  11.3 11.8 12.0  114.3  114.3

1430 17.1 17.1 1- -~.i i1.o3 10.3 11.14 11.8 114.0 114.0

530 11.3 16 . 8  13. 1 ~~~~ 10 . 3  10.9 l l . 1~ 13.5 13.5

130 16. 14 16 . 14  13 .0  11. 1 9 . 7  10.1 11.1 13.0 13.0

8oo 15 .5 15.5 1 2 . 0  10.2 8 . 6  9 . 24 10.3 12.1 12.1

1000 15.1 15.1 l l. ° 9 . 3  7 .~ 8 .8  9 . 9  11.6 11.6
1250 ~ 14 • L4 1 1 4 . 1 4  11.7 3 .3  7 . 0  8 . 0  9 . 1 4  10.6 10.9

li -DO 13. 0 13. 14 14 .7  3~~0 5 .9  7 . 1  8 .7  10.1 10.1

2000 12.2 12 .2  3 . a  5 . 2  14 .5 5. 14 7 .8  9 . 0 9 . 0

2 500  11.0 11.0 7 .1  3 .5  3 . 2 4  2 4 . 9  7 .1 8 .2  8 . 2

3150 9 . 2  9 . 2  5 . 2  1.2 2 . 0  3 . 8  1. 24 7 . 2 7 . 2

11-30 6.1  6 .1  2 . 7  — . 2 0 . 1 2 . 8  5 .3  6 . 14  1 . 1 4

5900 —~~~ —~~ — . 6 — l v .  14 — u . 3  2 . 7  5 .6  6 . 5  e . 5
6300 — — — * — * — 2 . 0  2 . 24 5 .6  6 . 2  6 . 1
Sooo - - - - - . 14  1.7 5. 14 5 .8  5 .8

10000 - - - - -
~~~ 1.2 5. 3 5 .5  5 .5

- 

- 
12590 - — - - - - 0 . 5  5 . 2  5 .0  5 . 0

16000 -. -- - - - -- .1 5.1 14 .6 14.6

20000 - - - - - -0.5 5 .3  Li .5 1 4 . 5
2 5000 — — — — — — 0 . 6  5 . 6  14 . 1 4  14 .14

*j io c- - ntx’Iuuti omo5 : fromoi t he  3 -0 . : :’: ~: al ~‘ LO dt cr c - f i l e  are reo~~i red
i u ;1 - rt d t h I s  r d s t a~~- s e .  Vr - . l’o~- o ~~~~~~~ be 0 , — 1 , —2 , e t c .  to
prevent  err-or  me s s-act s 15 t~~o :i . o IAU,- A ?  t -x - agx - a m .

5. .’ .


