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Sound propagat ion f rom point  and line sourc es 

 

 

There  are  dif f erent  ways t o deriv e f ormulat ions describ ing t he pressure f ield 

f rom point  sources and line sources. One way would be t o set  up t he wave 

equat ion f or  t wo and t hree dimensions and f ind t he solut ion f or  t he pressure 

f ulf il ling t hese wave equat ions. I nst ead of  t his ra t her abst ract  way based on 

mat hemat ics, we wil l use an approach based on t he dist rib ut ion of  power f rom a 

source. 

 

Sound propagat ion f rom a point  source (medium wit hout  losses) 

I magine a very  small source (i.e. small in comparis on t o t he wavelengt h or t o t he 

dist ance t o t he observer)  radiat ing int o t he 

f ree space. Around t he source, a cont ro l 

surf ace, S, is placed. The emit t ed sound 

power has t o pass t his surf ace. I s t he sour ce 

omni-dir ect ional (i.e. radiat ing in all dire ct ion 

wit h t he same st rengt h) each part  of  t he 

surf ace is passed by t he same power .  

  

� 

I r =
W

S r( )  

(index r indicat es t hat  it  is t he int ensit y in 

radial dire ct ion).  

 

Wit h increasing radius, t he surf ace of  t he sphere  

wil l also increase and t he int ensit y wil l decrease. 

Since t he surf ace of  a spher e is 
  

� 

S r( ) = 4 ! r 2 , t he 

int ensit y is proport ional t o one over t he radius 

squared. 

 

I n or der t o express t he int ensit y by t he pressure, 

we have t o know t he ra t io bet ween pressure and 

velocit y. The most  simple r elat ion was f ound f or a 
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plane wave where  pressure and velocit y were  re lat ed by t he impedance   

� 

! c . 

 

I t  is clear,  t hat  t he f ield f rom t he spher e does not  corre spond t o a plane wave 

f ield. However,  f or large dist ance (i.e. large in comparis on wit h t he sourc e 

dimensions and/ or t he wave lengt h) t he f ield becomes more  and more  similar t o 

a plane wave f ield. There f ore , as an approximat ion, t he plane wave impedance 

can be used. 

    

� 

I r =
1

2
Re pu*{ } =

peff
2

! c
 (3) 

 

The pressure f ar f r om a point  source (measured in wavelengt hs) is approximat e 

as 
  

� 

pef f
2 = ! cI r = ! c

W

S
= ! c

W

4" r 2
. The f ar f ield pre ssure is proport ional t o one 

over t he dist ance f rom t he source. Doubling t he dist ance wil l half  t he pressure. 

This we also have t o writ e as sound pre ssure level. Bef ore , one has t o divide 

bot h sides by t he squared re f erence pr essure   

� 

p0 . Addit ionally a re f erence 

surf ace   

� 

S0  is int roduced which is chosen as 1 m2. 

 

    

� 

Lp = 10 log
peff

2

p0
2

= 10 log
S0

4 ! r 2

" cW

S0 p0
2

 

Using t he re f erence value f or t he sound power levels 

  

� 

W0 =
S0 p0

2

! c
  

    

� 

Lp = 10 log
W

W 0

+ 10log
S0

4 ! r 2
  or  

    

� 

Lp = Lw ! 10 log
4 " r 2

S0

 

where    

� 

Lw  is t he sound power level.  

When describ ing t he acoust ic propert ies of  sources   

� 

Lw  should be pre f erre d!  I t  

is independent  of  t he envir onment  of  t he source.  

I f  t he sound pr essure is given inst ead, t he dist ance f rom t he acoust ic cent re  of  

t he source and t he dire ct ion have t o be added. (The acoust ic cent re  is t he 

posit ion where  one assumes t he orig in of  t he point  source).  
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To consider sources like vehicles as point  sources, t he dist ance bet ween sourc e 

an receiver has t o be suf f icient ly big (see above). 

For a car,  f or inst ance, t he acoust ic cent re of  t he source could be def ined as 

0.5 m above ground in t he middle of  t he car.  This has changed over t he years  

due t o t he increasing dominance of  t yre  noise. Today one should place t he 

acoust ic cent re  subst ant ially lower or even have severa l sources. 

Result s show t hat  doubling t he dist ance wil l lead t o a reduct ion of  -6 dB. This 

means t hat  changing t he dist ance f rom 10 t o 20 m will lead t o t he same 

reduct ion of  t he sound pressure level as f or inst ance increasing t he dist ance 

f rom 1 t o 2 km.  

 

We only t alked about  t he magnit ude of  t he pressure f ield. What  happens wit h 

t he phase?  

The same as f or  t he plane wave: We have a delay given as   

� 

! t = r c  and t he 

phase is t here f ore    

� 

!kr   

The pressure can be writ t en as      

� 

p(r ,t ) = pae
! jk r e j " t  

 
Summary  f or t he spheric al wave 

The pressure magnit ude is decreasing wit h     

� 

1 dis tance , phase is given by 

dist ance and speed of  sound. 

The wave impedance can be approximat ed by   

� 

Z = !c  f or f ar dist ance (measured 

in wavelengt hs). For areas close t o t he source we wil l lat er have a discussion.  

The sound pre ssure level is 

    

� 

Lp = Lw ! 10 log
4 " r 2

S0

 

  

Sound ra diat ion f rom a line source 

The deriv at ion of  t he sound radiat ion f rom a line source works  exact ly t he same 

way as f or t he point s source. We j ust  have t o 

see how t he sound power is dist rib ut ed! 

The power f or a line source is dist rib ut ed over  

a cylinder surf ace. Also we have t o int roduce 

an inf init e long line source. Gives and inf init e 

power!  Very  unpract ical!!!! 

There f or e we divide by t he lengt h of  t he 

cylinder which means t hat  we have a sound 
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power per unit  lengt h indicat ed by a small prim e  

The only dif f er ence is t he dependency on t he dist ance. The sound power is not  

dist rib ut ed on a sphere  but  on a cylinder  

    

� 

Lp = ! L w " 10 log
2 #r

l 0

 

where    

� 

! L w  is t he sound power level per unit  lengt h and   

� 

l 0  is t he r ef er ence value 

wit h 1 m. 

A doubling of  t he dist ance corre sponds t o a decrease of  - 3 dB in sound 

pressure level. One could use t his equat ion f or calculat ing t he sound pre ssure 

levels f orma road. But  t here  is a small problem. The deriv at ion assumes t hat  

along t he line source every wher e t he same happens. The sources are  coher ent ! 

This is cert ainly not  t rue f or r oad wit h cars . Each car emit  it s own sound 

independent ly f rom t he ot hers  cars . 

One should consider a road as line of  small sources. 

We have t o add many equal but  incoherent  point  sources locat ed on a st ra ight  

line wit h t he same dist ance bet ween 

adj acent  sources. Since t he sourc es are  

incoherent  one can j ust  calculat e t he 

sum of  t he squared ef f ect ive values of  

t he pressure f rom each individual 

source  

    

� 

pto tal ,eff
2 = ! c

" W 

4#

1

r 2
n=$%

%

&
 

  

� 

! W is t he power per unit  lengt h. I f  t he 

dist ance bet ween each car is   

� 

d , t he power per unit  lengt h is   

� 

! W =W car d  

This sum gives f or   

� 

r0 ! d "  t he equat ion 

    

� 

pto tal ,eff
2 = ! c

W car

4dr 0

 

This is by a f act or ! / 2 bigger t han t he result  f or coherent  sources.  

 

I s only a part  of  t he road Òvisib leÓ (t he rest  is f or inst ance screened by 

buildings) t he sound pressure is 

    

� 

pef f
2 (r , ! W ," ) # $c

! W 

4r0

%
"

&
 

    

� 

Lp = ! L W +10 log
1

4r

" 

# 
$ $ 

% 

& 
'  '  +10 log

(

)

" 

# 
$ $ 

% 

& 
'  '   
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Sound propagat ion in beams plat es and solids 

I n t he previous sect ion, t he propagat ion of  air -borne sound in dif f erent  

dimensions has been invest igat ed. The analogy in st ruct ure-borne sound is 

obvious. I ndependent  on t he wave t ype one wil l have t he same inf luence on t he 

geomet ric al damping on t he wave f ield. I n a solid, which is very  big in comparis on 

wit h t he wavelengt h, t he vibrat ion power wil l be dist rib ut ed on a sphere . 

There f or e, t he velocit y wil l decrease wit h one over dist ance. For  t he t wo-

dimensional propagat ion in a plat e, t he velocit y wil l decrease wit h one over t he 

square  root  of  t he dist ance, while in a beam t he velocit y wil l be independent  of  

t he dist ance f rom t he source.  

These considerat ions, however,  assume t hat  we have no damping in t he 

st ruc t ures. I ncluding damping, we wil l f ind a st ronger decr ease of  t he velocit y 

wit h dist ance. 

 

 

Sound f ield f rom a point  source 

The previous discussion has shown t hat  t he pressure f rom a point  source is 

proport ionally 1 r  and a spheric al wave is radiat ed int o t he f re e space. At  a 

dist ance f rom t he source t he phase re lat ion 

bet ween source and receiving point  is given by t he 

t ravel t ime ! t , which is t he dist ance divided by 

t he speed of  sound. Ther ef or e in equivalence t o 

t he considerat ion made f or a plane wave one can 

writ e t he pressure f or a harmonic source signal as 

    

� 

p r ,t( ) =
pA

r
!( )e" jk r e j ! t

   and t he part icle velocit y as 

    

� 

ur r ,t( ) =
uA

r
!( )e" j kr e j!t

 
 

The re lat ion bet ween pressure and velocit y is given by Newt on' s second law (see 

plane waves) 

    

� 

!
"p r ,t( )

"r
= #

"ur r ,t( )
"t  
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We have now again t o calculat e t he deriv at ions (lucky t hat  we use complex 

not at ion) 

  

� 

! 1

r
! jk

" 

# 
$ $ 

% 

& 
' ' 
pA

r
(( )e! jk r = j()uA

r
(( )e! jk r  or  

  

� 

! !
1

r
! jk

" 

# 
$ $ 

% 

& 
'  '  pA (( ) = j () uA (( ) 

From t his we can calculat e t he wave impedance f or  spheric al waves, i.e. t he ra t io 

bet ween pressure  and velocit y  

  

� 

Z !( ) =

pA !( )
uA !( )

=
j!"

1

r
+ j k

# 

$ 

% % 

& 

' 

( ( 

 

Firs t  of  all, observ e t hat  t he impedance is not  ident ical f or plane waves as we 

assumed bef ore . I t  is even not  real. 
TASK:  discuss t he int erp re t at ion of  a complex/ re al impedance 

 

This means t hat  t here  is a cert ain phase dif f er ence bet ween pre ssure and 

velocit y. We wil l see t hat  t his phase dif f er ence is f requency and dist ance 

dependent . Bef ore  we modif y t he equat ion somewhat  t o ease it s int erp re t at ion. 

We mult iply nominat or and denominat or by r . As next  st ep we mult iply bot h by 

t he conj ugat e f orm of  t he denominat or  

  

� 

Z !( ) =
j!" r

1 + jkr( )
=

j! " r 1 # jkr( )
1 + jkr( ) 1 # jkr( )

=
j!" r +! " kr 2

1 +k 2 r 2
 

 

We can now discuss t wo dif f erent  cases, close t o t he source and f ar  f rom t he 

source. The product  of  wave number and dist ance   

� 

kr  can be int erp re t ed as ra t io 

bet ween dist ance and wavelengt h. 

 

Case 1 f ar f rom t he source,    

� 

kr >> 1,  Òf ar - f ieldÓ 

I n t his case t he dist ance is subst ant ially great er t han t he wavelengt h. The 

impedance is 

  

� 

Z !( ) "
j !# r +! #kr 2

k 2 r 2
=

j ! #r

k 2 r 2
+

!# kr 2

k 2 r 2
=

j !#

k 2 r
+

!#

k
=

j !#

k 2 r
+ #c  

The impedance consist s of  t wo part s; an imaginary  par t  decreasing wit h dist ance 

and f requency, and a real and const ant  part , which is t he wave impedance of  a 
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plane wave. Wit h increasing dist ance or  f or higher f requencies t he f ield 

impedance f or spheric al waves becomes mainly real and corre sponds t he f ield 

impedance f or a plane wave. Our approximat ion was not  t oo bad . 

 

Case 2 close t o t he source,    

� 

kr << 1,  Ònear - f ieldÓ 

I n t his case t he impedance is 

  
  

� 

Z !( ) =
j !" r +! " kr 2

1+k 2 r 2
#

j ! " r +!" kr 2

1
= j !" r +! 2 " r 2 c  

The f irs t  part  is again imaginary  and has t he charact er of  a mass impedance  

(TASK deriv e t he impedance of  a mass) where  t he mass is t he densit y of  air  

mult iplied by t he dist ance and has t he unit s kg/ m2. This mass impedance 

indicat es t hat  air in f ront  of  t he source is only moved f ort h and back. This is 

called a near -f ield. No energy is lost  by t his mot ion as long as t here  is no 

damping included f or  t he mot ion of  air.  Th is is also indicat ed by t he f act  t hat  

t his part  of  t he impedance is purely imaginary . 

Beside t his, a pr opagat ing wave is excit ed (second part ) where  energy is 

t ransport ed f rom t he source int o t he f ar -f ield. 

  

I magine t he source is an exhaust  syst em wit h 

given velocit y at  t he opening. The pressure in 

f ront  of  t he opening is describ ed by t he wave 

impedance  

 

    

� 

p r , !( ) = uexhaust Z !( ) = uexhaust j !" r +! 2 " r 2 c( ) 

 

This shows t hat  t he pressure f ield consist s of  

t hese t wo part s as well. I t  also shows t hat  t he 

near f ield part  is st ronger t han t he propagat ing part  as long as we consider  

short  dist ances or low f r equencies.  

 

Power ra diat ed f rom a point  source (exact  descrip t ion)  

 



Point  and line sour ces 

Wolf gang Kr opp & Kr ist er  Larsson  

5.8 

CHALMERS UNI VERSI TY OF TECHNOLOGY 
Division of  Applied Acoust ics 
E-mail: wolf gang.kr opp@chalmer s.se 
 

The complex impedance can be writ t en dif f er ent ly as 

  

� 

Z !( ) =
!" r( )

2

+ !" kr 2( )
2

1+k 2 r 2( )
2

e j #  

The phase angle !  can be calculat ed as 

 

    

� 

! = tan " 1
Im Z{ }
Re Z{ }

# 

$ 

% 
% 
% 

& 

'  

( 
( 
( 

= tan " 1 ) * r

) * kr 2

# 

$ 
% % 

& 

'  
( ( = tan " 1 1

kr

# 

$ 
% % 

& 

'  
( (  

 

For very  small k and/ or very  small r , t he angle becomes 90 degrees, f or  large k 

and/ or large r  t he angle becomes 0 degre e. This means t hat  at  low f requencies 

and/ or short  dist ances pr essure and velocit y are  out  of  phase. Since t he 

int ensit y is t he product  bet ween pressure and velocit y, a phase dif f er ence of  90 

degrees bet ween bot h quant it ies leads t o zero int ensit y. This can be easily 

checked by t aking t he t ime average over t he product  of  a cosine and a sine 

f unct ion wit h t he same f requency.  

 

Let s check t he int ensit y f rom a point  source 
    

� 

I r =
1

2
Re p*ur{ }  wher e t he 

velocit y can be expressed by t he impedance 
  

� 

ur =
p

Z
  which gives  

 

    

� 

I r = pef f
2 Re

1

Z

!  
"  
# 

$ # 

% 
& 
# 

'  # 
= pef f

2 Re
1+ jkr

j ( ) r

!  
"  
# 

$ # 

% 
& 
# 

'  # 
= peff

2 Re
1

j () r
+

1

) c

!  
"  
# 

$ # 

% 
& 
# 

'  # 
 

 

 

This shows t hat  t he int ensit y is only det er mined by t he part  of  t he impedance, 

which represent s t he f ar f ield (i.e. t he plane wave part ). The "mass impedance" 

does not  cont rib ut e t o t he int ensit y. 

React ive f ield 

 

Resist ive f ield 
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Common expressions used are : react ive f ield (imaginary  impedance, near f ield) 

and resist ive f ield. The lat t er is used t o express t he propert y of  t he f ield 

concern ing t he t ransport  of  power f rom t he source. 

 

Far -f ield, near -f ield, react ive f ield and resist ive f ield are  import ant  t opics 

whenever you deal wit h sound radiat ion f orm st r uct ures (e.g. f r om ceil ings, 

windows, meachines, ect .). 
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Sound power f rom t ypical sources 

To give an impression of  t ypical sources, in t he list  below t he values f or t he 

sound power  of  some sources are  given as part s of  t he mechanical power and as 

absolut e values 

Source Acoust ic power W expressed 

as f ract ion of  t he  mechanical 
power Wm [W]  

Example f or  

Acoust ic power [W]  

Sire n wit h horn W " 0.5 Wm 1000 

j et  t urb ine  M < 0.3 W " 8 M310-6 Wm -  80 M310-6 

Wm 

10-20 

car  W " 5 10-7 Wm 0.01 

human voice W " 5 10-4 Wm 1 10-6 

These values show clearl y t hat  in t he most  cases sound is a small by-product  of  

mechanical processes. The ef f iciency is not  very  high. However,  since it  is such a 

small by-product  it  is of t en quit e dif f icult  t o reduce noise generat ed by 

mechanical processes. 
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Cohere nce 

(Addit ion t o Chapt er 1) 

Wit h a coherent  source one unders t ands sources wit h a cert ain phase re lat ion. 

I magine t wo loudspeaker dri ven by t he same elect ric al signal or t wo part s of  a 

st ruc t ure (e.g. side walls and roof  of  a vehicle) driv en by t he same mechanical 

source.  

Wit h incoherent  sources one unders t ands t wo sources independent  in phase. 

I magine t wo cars , machines, et c. 

Adding t he cont rib ut ion of  t wo sources, t heir propert ies concern ing cohere nce 

has t o be considered. Two sourc e producing t he pressure signals p
1

t( ) and p2 t( ). 
The t ot al pressure is t he sum of  bot h 

ptotal t( ) = p1 t( ) + p2 t( )  (27) 

I n or der t o calculat e t he squared ef f ect ive value ptotal,eff
2  of  t he t ot al pressure 

one has t o square  t he t ot al pressure and t ake t he t ime average 

ptotal,eff
2 =

1
T

p1 t( ) + p2 t( )[ ]2
dt

0

T

!  (28) 

which is 

ptotal,eff
2 =

1
T

p1
2 t( )dt

0

T

! +
1
T

p2
2 t( )dt

0

T

! +
1
T

2p1 t( )p2 t( )dt
0

T

!  (29) 

or  

ptotal,eff
2 = p1,eff

2 + p2,eff
2 +

1
T

2p1 t( )p2 t( )dt
0

T

!  (30) 

The last  int egral is only dif f ere nt  f rom zer o when bot h signals are  coherent , i.e. 

when t here  is a f ix ed r elat ion bet ween bot h t ime signals. Ot herwise t he 

ef f ect ive value of  t he t ot al pressure is an addit ion of  t he ef f ect ive values of  

bot h individual pressure signals only. 

 

Example : assume t wo harmonic signals  
p
1

t( ) = Re Ae j! t{ }   

p2 t( ) = Re Be j!t+"{ }  

wit h t he same f requency but  a phase shif t , ! , bet ween bot h. Calculat e t he 

ef f ect ive value in accord ance t o Eq. 30. 
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Problems t o sect ion 5.  

 

5.1 The sound pre ssure level f r om a point  source radiat ing int o a f ree f ield at  

a dist ance of  3 m is 53 dB re  20 µPa. 

a) What  is t he sound pressure level 24 m f rom t he source? 

b) What  is t he acoust ic power of  t he point  source? 

5.2 A small sound source radiat es spheric al waves in air at  normal pressure and 

t emperat ure. The t ime average sound power is 1 W and t he f requency is 

1000 Hz. C = 343 m/ s, ! 0 = 1.21 kg/ m3. Calculat e at  t he dist ance 1 m: 

a) The t ime averaged sound int ensit y 

b) The peak sound pressure 

c) The peak part icle velocit y 

d) The real and imaginary  part  of  t he sound f ield impedance. 

5.3 You want  t o calculat e t he sound pressure level at  t he dist ance 50 m f rom a 

road wit h t he speed limit  50 km/ h. The road is loaded wit h 100 000 

vehicles/ day which are  evenly dist rib ut ed during t he 24 hours. You 

measure t he maximum sound level f rom one passing car at  10 m and speed 

50 km/ h as 68 dB.  

a) Calculat e t he radiat ed sound power f rom one single car.  

b) Calculat e t he sound pressure level 50 m f rom t he road using 100 000 

car/ day t ravelling at  50 km/ h. 

5.4 The road in problem 5.3 is rebuild so t hat  some part s of  t he road goes int o 

t unnels (see f igure). Calculat e t he sound pr essure level in a list ening 

posit ion 50 m f rom t he road when 100 000 cars / day driv es at  50 km/ h on 

t he road. 

r=50 m
30¡

45¡

 
5.5 The amplit ude of  t he pressure pert urb at ions at  a dist ance of  1 m f rom a 

source in air is 1 N/ m2 and t he f requency of  t he wave is 100 Hz. Calculat e 

t he amplit ude of  t he part icle velocit y at  0.01 m f rom t he source if  
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a) t he waves are  plane 

b) t he waves are  spheric ally symmet ric . 

5.6 A spheric al harmonic wave is propagat ing f rom a point  source. The 

f requency is 1000 Hz. At  t he dist ance 1 m f rom t he source, t he sound 

pressure amplit ude is 0.1 Pa. Calculat e t he amplit ude of  t he pressure and 

t he part icle velocit y at  0.1, 1 and 10 m dist ance f rom t he source. 

Addit ionally, calculat e t he phase angle bet ween pressure and velocit y at  

t hese dist ances. Use ! 0 = 1.20 kg/ m3 and c  = 343 m/ s. 

5.7 A spheric al loudspeaker of  radius 30 cm vibrat es wit h simple harmonic 

mot ion of  amplit ude 1 mm. Det ermine an expression f or t he acoust ic power 

radiat ed by t he loudspeaker as a f unct ion of  f requency. How much power is 

radiat ed at  f requencies of  10, 100, 1000 Hz? 

5.8 A boundary  vibrat es in air at  a f requency of  100 Hz wit h a displacement  

amplit ude of  10-3 m. Det ermine t he sound pressure level generat ed by t he 

vibrat ion at  a dist ance of  10 m f rom t he boundary  when 

a) t he boundary  is a plane surf ace wit h unif orm normal displacement  

b) t he boundary  is a sphere  of  radius 5 cm wit h symmet ric  radial 

displacement  

What  is are  t he corre sponding SPL if  t he vibrat ion occurs at  10 kHz? 

5.9 A point  source radiat es sound energy wit h t he power W = 0.01 W. The 

source radiat es int o a f ree f ield. 

What  are  t he radial and t angent ial int ensit ies respect ively at  10 m and 20 

m f rom t he source? 

5.10 Calculat e t he radiat ed sound power t o t he f ar f ield f rom a sphere  wit h 5 

cm radius vibrat ing wit h t he amplit ude 5 mm at  100 Hz. 

5.11 Two spheres wit h radius 5 cm are  placed 20 cm f rom each ot her and t he 

surf aces of  t he spher es are  vibrat ing out  of  phase wit h a velocit y 

amplit ude of  1 mm/ s. What  is t he t ot al sound power  level radiat ed f rom 

t he t wo sources. (dipole source) 

5.12 A propeller airc raf t  has t wo propellers , one on each wing. Each t ime a 

propeller blade passes t he wing, a pressure pulse is creat ed. The Sound 

pressures f rom t he propellers  can be seen as corre lat ed since t he t wo 

engines are  worki ng in phase. The propeller s have t hree blades each and 

rot at es at  3000 rpm. The dist ance bet ween t he bot h propellers  is 10 m. 

Measurement s show t hat  t he sound pressure level f rom one of  t he 

propeller -wing syst ems is 100 dB re  20 µPa at  5 m dist ance and 3000 rpm. 
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The measurement s were  done in an an-echoic chamber simulat ing a f ree 

f ield condit ion. Assume t hat  t he airc raf t  body does not  dist urb  t he sound 

f iled: 

a) Calculat e t he f requency which is produced by t he propeller and t he wing 

at  3000 rpm. 

b) Calculat e t he sound pressure and t he sound pressure level at  a posit ion 

exact ly midway bet ween t he engines. 

c) Calculat e t he sound pressure in 5 posit ion in f ront  of  one of  t he engines, 

st art ing at  a dist ance of  5 m and t hen wit h a spacing of  1 m. 

d) What  wil l t he sound pressure level be midway bet ween t he engines 

(compare  wit h b) f or a j et  airc raf t  in st ead of  t he propeller air cra f t ? The 

j et  engines can be considered as uncorr elat ed wit h t he same sound power 

as t he propeller engines. The calculat ion is in t his case perf ormed in t he 

oct ave band having t he cent re  f requency accord ing t o a). 

5.13 You which t o reduce a 250 Hz t onal noise emerg ing f rom an access whole 

where  wood is f ed int o a planer machine by int roducing a speaker arra nged 

such t hat  it  produces t he same noise level (but  180¡ out  of  phase).  

Assuming t hat  t he cent re  of  t he speaker is 0.2 m above t he cent re  of  t he 

access hole and in t he same plane, calculat e t he maximum noise reduct ion 

which can be achieved 5 m at  an azimut h angle of  30¡ f rom t he normal t o 

t he hole.  


