
Dif f use f ield 

Wolf gang Kr opp 
 8.1  

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

 

St at ist ic descrip t ion of  sound f ields in cavit ies 

 

We all have experie nced t hat  t he same sound sourc e placed int o dif f erent  

rooms sound dif f erent , bot h in colour and in levels (e.g. singing in t he bat hroom). 

The knowledge of  t he emit t ed sound power  is not  suf f icient  t o charact eris e t he 

sound f ield due t o a source inside a cavit y. We also have t o t ake int o account  t he 

special propert ies of  t he enviro nment  (e.g. t he rooms size, damping, resonances). 

This could be done by applying t he concept  of  modes t o calculat e t he sound f ield 

inside a cavit y f or a given source. However,  t his can only be successf ul at  low 

f requencies where  a f ew modes are  suf f icient  t o describ e t he dynamic 

propert ies of  t he cavit y. At  high f requencies, t he number of  modes, which one 

has t o consider,  exceeds t oday' s comput er capacit y. Addit ionally, t he accuracy 

of  such a modal approach is not  reward ed by realit y. This means t hat  t he 

resonance f requencies and vibrat ion pat t erns in realit y wil l not  coincide wit h 

such predict ed by t heory . This is mainly due t o very  small deviat ions in geomet ry  

and/ or mat eria l propert ies. The varia nce of  t hese paramet ers  can not  be 

predict ed easily and inst ead of  a det er minist ic model, a st at ist ic approach 

should be pre f err ed.  

One consider s in t his case a so-called dif f use sound f ield. Wit h a dif f use sound 

f ield, a f ield is describ ed, where  t he ef f ect ive value of  t he pre ssure is assumed 

t o be ident ical over t he whole f ield, and where  in an arb it rary  point , t here  is no 

pre f ere nce of  dir ect ion wher e sound is coming f rom. The angle of  incidence can 

be consider ed as randomly dist rib ut ed. 

I n realit y, t he dif f use sound f ield is only an ideal f ield and deviat ions are  t o be 

expect ed. How close one comes a per f ect  dif f use sound f ield wil l depend on t he 

number of  modes in t he f requency range of  int erest , t he cavit y size, t he cavit y 

shape and t he damping. The sound f ields in huge volumes and at  high f requencies 

wil l be closer t o a dif f use f ield t han f ields in small rooms and at  low f requencies. 
Schroeder deriv ed a simple f ormula t hat  gives a lower f requency limit  fs  above 

which a cavit y can be considered as dif f use. Alt hough t he deriv at ion is beyond 

t he mat eria l of  t his book, t he equat ion is given here  

 
    

� 

f s =2000
T
V
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� 

V  is t he volume of  t he cavit y and   

� 

T  is t he re verb erat ion t ime which, as we wil l 

see in t he f ollowing, charact eris e t he damping in t he cavit y.  
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A balance equat ion f or t he sound energy in a cavit y 

When considerin g dynamic syst ems wher e energy is added by sources while at  

t he same t ime energy is t ransport ed f rom t he syst em due t o losses, a balance 

equat ion can be est ablished. I magine a small 

wat er basin. At  t he ground of  t he basin, small 

holes are  leading t o a loss of  wat er.  These losses 

are  proport ional t o t he wat er level in t he basin. 

At  t he same t ime wat er is poured int o t he basin. 

The wat er level in t he basin wil l t her ef ore  

depend on t he dif f er ence bet ween wat er poured 

int o t he basin and wat er lost  t hrough t he holes 

of  t he basin.  

One can plot  t he wat er f low over t ime and t he corre sponding wat er level in t he 

basin. Af t er st art ing t o 

poor wat er int o t he 

basin t he wat er level is 

slowly ris ing unt il  a 

balance is reached 

bet ween wat er lost  

t hrough t he wholes and 

wat er poured int o t he 

basin. 

 

Exact ly t he same re lat ions as f or t he basin are  valid f or  t he case of  t he sound 

f ield in a cavit y. When swit ching on t he sound source, t he sound level inside t he 

cavit y is increasing. At  t he same t ime, we loose energy due t o damping in t he 

cavit y. This damping can be due t o t he absorp t ion in t he air or due t o t he 

absorp t ion at  t he walls of  t he cavit y. The losses are  pr oport ional t o t he sound 

energy in t he cavit y (i.e. proport ional t o t he pressure level as shown lat er) . The 

level wil l increase unt il  t he sound power   

� 

Win
 f ed t o t he cavit y during t he t ime 

int erval ! t  is ident ical t o t he lost  sound power   

� 

Wut  during t he same t ime st ep. 

The dif f ere nce bet ween bot h wil l lead t o a change ! E V of  t he energy in t he 

room. E is t he energy densit y, i.e. t he ener gy per volume unit . This re lat ion can 

be expressed as balance equat ion  

  

� 

Win! t =V! E +Wut ! t  
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The lost  power Wut can be expressed as 

    

� 

Wut = 2! VE  

where    

� 

2!  is a const ant  which depends on t he absorp t ion in t he cavit y which we 

do not  know yet . Wh en considerin g very  small t ime st eps one can change ! t  t o a 

deriv at ive wit h respect  t o t he t ime.  

    

� 

dE

dt
=

Win

V
! 2" E  

This is a simple dif f erent ial equat ion, which describ es t he propert ies of  a sound 

f ield in a cavit y over t ime. By using t his equat ion, one can st udy what  happens 

when 

 a source is swit ched on 

 a balance bet ween lost  energy and energy f ed t o t he cavit y is reached 

(st at ionary  condit ion 

 t he source is swit ched of f , i.e. Win is zero 

We wil l st art  wit h t he last  case.  

 

Reverb era t ion t ime 
Assume t he source is swit ched of f  at  t he t ime     

� 

t 0 . From t his t ime, t he sound 

power of  t he source is set  t o zero. 
    

� 

dE

dt
=

Win

V
! 2" E  can be writ t en as  

    

� 

dE

dt
= ! 2" E

   
or as 

    

� 

dE

E
= ! 2"dt  

Solut ion is obt ained by int egrat ion 
    

� 

dE

Et0

t

! = " 2#dt

t0

t

!  which gives  

    

� 

ln
E t( )
E t 0( )

!  

" 

# 
# # 

$ 

% 

& 
& & 

= ' 2( t ' t 0( )
 

I n ord er t o remove t he logarit hmic f unct ion one can t ake bot h sides as 

exponent ial f unct ions     

� 

e
ln

E t( )
E t 0( )

! 

" 

# 
# # 

$ 

% 

& 
& & 
= e

'2( t 't 0( ) which gives t he solut ion 

    

� 

E t( ) =E t 0( )e! 2" t ! t 0( )
 



Dif f use f ield 

Wolf gang Kr opp 
 8.5  

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

The equat ion says t hat  t he energy in t he cavit y decreases exponent ially over  

t ime when t he source is swit ched of f . The t ot al energy in t he cavit y can be 

expressed as t he sum of  t he pot ent ial and t he kinet ic energy  

  

� 

E = E potential + Ekinetic    which is    
    

� 

E t( ) =
1

2

1

! c2
p2 t( ) +

1

2
! u2 t( )

.
 

This def init ion is in analogy t o mechanics, where  t he st if f ness is expressed as 

1 ! c2 . I n t he case of  small damping, t he kinet ic energy equals t he pot ent ial 

energy and t he equat ion becomes 
    

� 

E =
1

! c2
p2 t( )  

This equat ion re lat es t he energy per unit  volume in t he cavit y t o t he pressure 

squared in t he cavit y. There f or we can writ e 
    

� 

E t( ) = E t
0( )e

!2" t !t0( )
as 

    

� 

p2 t( ) = pstat
2 e

! 2" t ! t 0( )
 

where      

� 

psta t
2  is t he pressure in t he st at ionary  case, i.e. when a balance bet ween 

lost  power and power f ed t o t he room has est ablished. This is bef ore  t he source 

is swit ched of f . Taking t he root  one obt ains  

    

� 

p t( ) = pstat e
! " t ! t 0( )

. 

Alt hough we have now obt ained a mat hemat ical descrip t ion of  t he sound f ield in 

t he cavit y af t er swit ching of f  t he source, we st il l have no inf ormat ion 
concern ing t he damping const ant  

� 

! .  

This point  was also reached by Walt er Clemens Sabine at  t he end of  t he 19t h 

cent ury  when he st udied t he acoust ic propert ies of  t eaching rooms. He def ined 

t he so-called reverb erat ion t ime,   

� 

T , as t he t ime perio d bet ween swit ching of f  

t he source unt il  it  was not  possible t o hear t he sound anymore . Lat er,  when 

measurement  t echniques were  improved, t he def init ion was re f ined. Today, one 

def ines t he r everb erat ion t ime as t he t ime perio d unt il  t he pressure has 

decreased t o a t housands of  it s st art  value 

    

� 

p T( ) =
pst at

1000
= pstat e!"T

 

By t his def init ion, it  is possible t o calculat e ! . 

Applying t he nat ural logarit hm on bot h sides
    

� 

ln
1

103
= lne! "T one obt ains 

    

� 

!3ln10 = !"T  wit h   

� 

!3ln10 = 6.9  t he re lat ion bet ween T and !  is given as  
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� 

! =
6.9

T
 

 

This allows by measuring t he reverb erat ion t ime in a cavit y t o det ermine t he 

damping in t he room.  

The f igure shows a t ypical measurement  of  t he pressure level in t he room over  

t ime, when swit ching of f  t he source. A decrease of  t he pressure t o one 

t housand of  it s st art  value 

corre sponds t o a -60 dB. 

Of t en it  is not  possible t o 

measure t he decrease over  

such a wide dynamic range 

due t o a t oo high 

background level. I n t his 

case, only a part  of  t he 

curve is evaluat ed and t he 

reverb erat ion t ime is calculat ed out  of  t his result . 

 

St at ionary sound f ield 

 

The reverb erat ion t ime is also import ant  f or t he st at ionary  f ield since it  is 

det ermined by t he losses of  energy in t he cavit y. St at ionary  f ield means t hat  

t here  is no change of  t he energy (i.e. t he sound pressure) over t ime. There f ore , 

    

� 

dE

dt
=

Win

V
! 2"E

 
 can be writ t en as     

� 

Win = 2! VE . 

Which is a simple equat ion where  we know all paramet ers . I t  gives 

    

� 

Win =
13.8

T
V

p2

!c2
 

I n ord er t o express t he r elat ion in sound pressure level and sound power level 

we have t o def ine our r ef erence value f or t he sound power  

    

� 

Wref =
pref

2 Sre f

! c
 

wit h   

� 

Sref =1m3 and   

� 

pref  = 2 10-5 Pa. This gives     

� 

Wref =10
! 12W , We obt ain 

paper speed 10 mm/s
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� 

10log
Win

Wref

=10log
p2

pref
2

+10log
V

Vref

! 10log
T

Tref

+10log
13.8Lref

cTre f

 

wit h 
    

� 

Tref =1s and   

� 

Lref =1m. 

The f inal f orm is 

    

� 

LW = Lp +10log
V

Vref

! 10log
T

Tref

! 14dB  (23) 

 

I f  we know t he sound power of  t he source, t he volume of  t he r oom and t he 

reverb erat ion t ime, t he sound pre ssure level in t he cavit y can be calculat ed by  

    

� 

Lp = LW ! 10log
V

Vref

+ 10log
T

Tref

+ 14dB   

The same source gives a lower level in a bigger room t han in a smaller one (-3 dB 

f or doubling t he volume). An increase of  t he damping in t he cavit y lead t o a 

decrease of  t he level (-3 dB f or doubling t he losses). 

 

Dire ct  f ield and dif f use f ield 

 

I n t he previous sect ion, we describ ed t he sound f ield in a cavit y as dif f use. One 

propert y of  t his dif f use f ield is t hat  t he sound pressure level is t he same f or all 

posit ions in t he room and t hat  t here  is no pre f err ed dire ct ion f rom wher e sound 

comes f rom. Alt hough t his is approximat ely f ulf il led f or f requencies above t he 

Schroeder f requency, we know f rom experie nce t hat  close t o a source we wil l 

hear clearl y where  t he sound comes f r om and t he level is clearl y increasing when 

coming closer t o t he source. I n t his case, we are  in t he dire ct  f ield of  t he 

source. I n a cavit y, we have bot h a dir ect  f ield and a dif f use f ield. The 

t ransit ion bet ween bot h f ields is wher e bot h f ields have t he same st rengt h. 

There f or e, all what  we have t o do is t o f ind t he dist ance f rom t he source where  

t he dire ct  f ield and t he dif f use f ield have t he same st rengt h 

    

� 

peff ,dire ct
2 = peff ,diff use

2 .The ef f ect ive value of  t he pressure in t he dif f use f ield is 

    

� 

peff ,diffus e
2 = ! c2 Win

13.8

T

V
 and t he ef f ect ive value of  t he pressure in t he dire ct  f ield 

is 
    

� 

peff ,dire ct
2 = ! c

Win

4" r 2
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By t his one can obt ain t he radius f rom t he source cent re  wher e bot h f ields have 
t he same st rengt h. This radius is indicat ed by   

� 

rd  and it  can be calculat ed by  

    

� 

!c
Win

4"rd

2
= !c

2 Win

13.8

T

V
 

or  

    

� 

rd =
13.8V

cT 4!
" 0.06

V

T
 

The igure shows bot h t he dire ct  f ield and t he dif f use f ield as a f unct ion of  t he 

dist ance f rom t he source 

cent re . At  t he dist ance 
rd, bot h f ields are  

ident ical in st rengt h and 

t he level wil l be increased 

by 3 dB. 

One should be aware  t hat  

addit ional damping wil l 

reduce t he sound 

pressure level in t he 

room, but  only f or t he dif f use f ield. Receiving posit ions sit uat ed in t he dir ect  

f ield wil l not  be inf luenced by t he increase of  damping. 

 

 

Regulat ion of  t he damping in cavit ies 

 

Damping in cavit ies is due t o absorp t ion in t he medium and absorp t ion on t he 

surf aces inside t he cavit y. While t he absorp t ion in t he medium is dif f icult  t o 

regulat e, t he propert ies of  surf aces can easily be changed. The propert ies of  

surf aces is charact eris ed by t he absorp t ion coef f icient  (f act or)  

� 

!  which is 

def ined as  

  

� 

! =
Wloss

Win  
where    

� 

Wloss  is t he sound power which is lost  at  t he surf ace and   

� 

Win  is t he sound 

power of  t he incident  wave. The absorp t ion coef f icient  

� 

!  is a f unct ion of  
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f requency and angle of  incidence. However,  f or t he applicat ion of  t he absorp t ion 

coef f icient  in dif f use f ield, we have t o f ind an averaged ! , since we have no 

inf ormat ion about  t he angle of  incidence (see def init ion of  a dif f use f ield). I n 

t he f ollowing, we wil l deriv e t he r elat ion bet ween t he absorp t ion coef f icient  and 

t he reverb erat ion t ime. 

We wil l st art  wit h plane waves. For  plane waves in normal dire ct ion t o t he 

surf ace (e.g. in a duct  wit h dimensions small compared t o t he wavelengt h) t he 

incident  sound power is r elat ively easy t o calculat e. I t  is  

    

� 

Win =S
pef f

2

! c
 

and t he lost  power is 

    

� 

Wloss ,plane = ! normal (f)S
peff

2

" c
 

where    

� 

! normal
 is t he absorp t ion coef f icient  f or normal incidence. By using 

    

� 

Wut = 2! VE  one obt ains 

    

� 

Wloss ,plane = ! normal (f )S
peff

2

" c
= 2#VE  

and f inally replacing t he energy densit y E by t he pressure squared divided by  

    

� 

! c2  

    

� 

! normal (f )S
peff

2

" c
= 2#V

1

" c2
peff

2
 

I n t his wave, one calculat es t he damping const ant  

� 

!  and also t he reverb erat ion 

t ime   

� 

T . 

    

� 

! = " normal (f )S
c

2V
 

The reverb erat ion t ime   

� 

T  is  

T =
6.9

!
=

13.8V
" normal(f )Sc

# 0.04
V
A

 

where    

� 

A is t he equivalent  Absorp t ion area   

� 

A = ! S  

 

For oblique incidence and in a dif f use f ield t he sit uat ion becomes somewhat  

more  complicat ed. One could consider t he dif f use f ield as an inf init e number  of  
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plane waves propagat ing in dif f erent  dire ct ions. The int ensit y f or t he plane 

waves in such a dif f use f ield is  

    

� 

I =
peff

2

! c
=Ec  

When considerin g a small area S, t he int ensit y wil l only be half  of  t his value 

since only waves t oward s t he area f rom one dire ct ion are  considered 

    

� 

Iin =
peff

2

2!c
=

Ec

2
 

Since t he plane waves wil l come under dif f erent  angles, only t he component  in 

normal dire ct ion t oward s t he surf ace should be considered 

    

� 

Iin,normal =
peff

2

2!c
=

Ec

2
cos "( ) 

where  

� 

!  is t he angle of  incidence re lat ed t o t he normal incidence.  

 

Since we have a dif f use f ield, all 

angles of  incidence are  possible and 

it  is necessary  t o int egrat e over  all 

angles. The lost  power is t he 

int ensit y t imes t he surf ace t imes t he 

absorp t ion coef f icient . 

    

� 

Wloss =
Ec

2
S

! (" )SEc cos "( )sin "( )R
2#R2

Rd$d"
0

# 2

%
0

2 #

%

 

The f irs t  int egrat ion over !  gives  

    

� 

Wloss = SEc
2!R2

4!R2
"(# )SEc cos #( )sin #( )d#

0

! 2

$  

For t he second int egrat ion, it  is assumed t hat  we can replace 

� 

!  by an average 

absorp t ion coef f icient  !    

    

� 

Wloss =SEc
1

2
!  SEc cos "( )sin "( )d"

0

# 2

$  
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The last  int egral gives only t he f act or 1 2 and t he lost  power is 

    

� 

Wloss =
Ec

4
!  S  

I n comparis on t o t he one-dimensional case, t he lost  power is by a f act or 1/ 4 

smaller.  The equat ion f or t he reverb erat ion t ime wil l t here f ore  be 

    

� 

T =
6.9

!
=

4 "13.8V

# Sc
$ 0.163

V

A
 

Wit h t his equat ion, we have now f inally a re lat ion bet ween t he reverb erat ion 

t ime and t he damping due t o absorp t ion on surf aces in t he cavit y. Wit h t hese 

result s, we can also calculat e t he sound pressure levels in cavit ies by known 

sound power level and known equivalent  absorp t ion area. 

    

� 

Lp = LW ! 10log
A

4
 

The deriv at ion of  t he absorp t ion in t he dif f use sound f ield demonst rat ed in t he 

previous t ext  is a st andard  deriv at ion you can of t en f ind in t ext  books. However,  

it  cont ains cert ain assumpt ions and is t here f ore  only valid f or small values of  !  . 

A more  corre ct  vers ion of  reverb erat ion t ime is  

    

� 

T =
55.25V

ln 1!" ( )Sc  

For t he measurement  of  t he absorp t ion coef f icient  of  mat eria ls, t he 

reverb erat ion t ime is measured in a room wit h and wit hout  t he mat eria l. The 

dif f erence in equivalent  absorp t ion area can be calculat ed as  

    

� 

Amateria l = Awith ! Awitho ut = 0.163V
1

Twith

!
1

Twithout

" 

# 

$ $ 

% 

& 

'  '   
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Problems t o sect ion 8 

 

8.1 Consider a reverb erat ion room of  dimensions 6.84 x 5.565 x 4.72 m3. The 

average surf ace Sabine absorp t ion coef f icient s f or t he t hird  oct ave 

bands bet ween 63 Hz and 8 kHz are  respect ively: 0.010, 0.010, 0.011, 

0.011, 0.013, 0.015, 0.017, 0.017, 0.018, 0.018, 0.019, 0.020, 0.022, 0.025, 

0.028, 0.031, 0.034, 0.037, 0.040, 0.044, 0.047, 0.050. 

a) Calculat e t he room reverb erat ion t imes in each one-t hird  oct ave band. 

b) What  is t he lowest  t hird  oct ave band t hat  can be used f or accurat e 

sound power measurement s where  a st at ist ical descrip t ion of  t he sound 

f ield is r equired? 

c) What  is t he lowest  suit able f requency band f or oct ave band noise 

measurement s? 

d) What  is t he lowest  f requency f or pure t one measurement s? 

 

8.2 Find t he mean Sabine absorp t ion coef f icient  f or a room of  dimensions 

6.84 x 5.565 x 4.72 m3, if  t he f loor and ceil ing have a mean absorp t ion 

coef f icient  of  0.02, t he t wo smaller walls a coef f icient  of  0.05 and t he 

large walls a coef f icient  of  0.06. 

 

8.3 A room of  dimensions 8 x 6 x 3 m3 has an absorp t ion coef f icient  of  0.05 

every where  except  in t he roof , which is covered by absorb ing mat eria l 

having t he absorp t ion coef f icient  0.15 (values f or t he oct ave band wit h 

cent re  f requency 125 Hz). 

a) Calculat e t he sound pressure level in t he dif f use f ield caused by a 

broad band noise source inside t he room. The noise source radiat es an 

acoust ic power of  25 mW in t he 125 Hz oct ave band. 

b) At  what  dist ance f rom t he source wil l t he dire ct  sound f ield be equal 

t o t he dif f use f ield inside t he r oom? Assume t hat  t he source is omni-

dire ct ional i.e. it  radiat es equally in all dire ct ions. 

 

8.4 An elect ric  mot or produces a st at ionary  sound pressure level of  74 dB re  

20 µPa in t he dif f use f ield in a room of  dimensions 3.05 x 6.10 x 15.24 m3. 

The measured re verb erat ion t ime in t he room is 2 s. 

a) What  is t he acoust ic sound power level f rom t he mot or re lat ive 10-12 

W? 
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b) How much addit ional absorp t ion mat eria l must  be added t o t he room in 

ord er t o re duce t he pressure level in t he dif f use f ield by 10 dB? The 

absorb er mat eria l has an absorp t ion coef f icient  of  0.9 

c) What  is t he new reverb erat ion t ime of  t he room? 

 

8.5 A machine in a small works hop radiat es t he acoust ic power accord ing t o 

t he t able below. The dimensions of  t he room are  W x L x H = 5 x 2 x 3 m3. 

The walls and t he f loor have an absorp t ion coef f icient  of  0.2. The roof  is 

covered wit h an acoust ic absorb er having t he absorp t ion coef f icient  0.8 

a) Calculat e t he reverb erat ion t ime in t he works hop 

b) Above what  f requency can t he sound f ield be considered as dif f use? 

c) Calculat e t he t ot al A-weight ed sound pre ssure level a person in t he 

dif f use f ield is exposed t o, due t o t he noise f rom t he machine. 

f  [Hz]  250 1000 4000 

LW [dB re  10-12 

W]  
100 90 85 

 

8.6 I n a f act ory  works hop of  dimensions 10 x 7 x 4 m3 is a noisy machine 

which radiat es an acoust ic power level of  80 dB re  10-12 W. The 

reverb erat ion t ime of  t he room is 1.0 s. The operat or works  at  a dist ance 

of  80 cm f rom t he machine. The machine can be consider ed as omni-

dire ct ional. 

a) What  sound pressure level is t he operat or exposed t o? 

b) The noise level at  t he operat or is t o be reduced by 3 dB. This can be 

done by increasing t he t ot al absorp t ion in t he f act ory  by placing 

absorb ing mat eria l wit h absorp t ion coef f icient  0.9 at  t he walls and in t he 

roof . Anot her solut ion would be t o build an enclosure around t he machine. 

How much addit ional absorb er mat eria l must  be added t o t he room or 

what  reduct ion index must  t he enclosure have, in ord er t o give t he 

appropria t e noise reduct ion at  t he operat or? 

 

8.7 A noisy machine in a f act ory  works hop radiat es a sound power level in 

oct ave bands accord ing t o t he t able below. The levels in ot her oct ave 

bands may be neglect ed. A cabin f or t he f oreman is going t o be built , 

having a t ot al area of  12 m2 t oward s t he f act ory . The equivalent  

absorp t ion area f or t he works hop (Aw) and f or t he planned cabin (Ac) can 
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be f ound in t he t able. The accept able noise levels in t he reverb erat ion 

f ield inside t he cabin, which corre spond t o a t ot al sound pressure level of  

60 dB(A), are  also f ound in t he t able. What  reduct ion index is needed f or 

t he cabin wall t oward s t he works hop t o reach t his noise level in t he cabin? 

f  [Hz]  500 1000 2000 

LW [dB] 96 99 97 

Aw  20 22 25 

Ac 10 13 14 

Lpc 58 55 54 

 


