
Chapter  l l .3

Coup led  Rooms

11 .3 .1  S teady -s ta te  Cond i t i ons  w i th  an  Open  Coup l i ng  A rea

The statistical analysis of a room, as developed in Chapter II. 1, is not

eppiicable for rooms which, although they may comprise a single arr

volume. are nevertheless subdivided architecturally into a number of

srnaller subspaces. This happens, for instance, in churches where the high

central nave is abutted by lower side aisles or by side chapels: also, in

older court theaters there are often many rather deep boxes'

As a simple example. Fig. 3.1 shows the case where a large lec'.ure hall
' . i i th  lo lume l ' ,  is  coupled to a lorv.  acoust ica l l l "damoed entry room of

\ ( ) iu lne i .  in  such a rvay that  the a l reaci l  smai i  couptrns : . I rea is  iur ther

:cduceci b1' a cieep beam. to 51'.

F ie.  -1.1.  Sketch of  a sect ion through t r ro coupled rooms.

in thrs case.  i t  cannot  be expected that  the sound po$'er  P,  emi t ted in

rhe iecture hal l  wi l l  be equal ly  d is t r ibuted throughout  both rooms.  In

l:rct. e\perience shorvs that there is a remarkable decrease in loudness as

r)nc passes from the lecture hall into the entry room.

It is one of the advantages of statistical room acoustics that. even in

\uch cases.  the main acoust ica l  features can be exhib i ted by d is t inguish-

ing between the mean energy densities, E, and Er, each equally distri-
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buted in the respective partial rooms. This analysis replaces the actual
gradual transition betrveen E, and E, with a step-wise change in ener_ey
densi ty  at  the coupl ing sur face S,2.

If rve denote bi' '  ,4,0 the equivalent absorption area of room I
( inc luding a l l  sur faces and absorpt ive objects except  S,r )  and b l ' .4 ,0 the
corresponding quant i t ) ' for  room 2.  we get  (according to Sect ion I I . l .4)
the respective amounts of sound power actually absorbed in the trvo
rooms (assuming. as usual. dif luse sound fields):

(AroErc i4\  and (A.oE.c, ,4)

In addition. the power transierred from room 1 to room 2 is:

and that irom

Thus. *'e can

By int roducine

and

(S, ,Erc1 '4)

room 2 to room I  is :

( S , . E . c  - l t .

wnte power balances tor  the two rooms as io l lons:

P r  - ( c , ' 4 ) . 1 , 0 E ,  - ( c  - l ) S , " t ,  + ( c  4 ) S , . E . : 0  ( 3 . 1 )

( c  4 ) S , . E ,  - \ c  4 1 , 4 : o E . , - ( c , 4 ) S , , E , : 0  ( i . l )

. { , r : " 1  , o * S , :

. " 1  , ' : l . o * S r

nr  h ich means that  u 'e inc lude.  as par t  o i  the tota l  equivalent  absorpt ion
areas of  the rooms.  the coupl ing area s, ,  wi th the absorpt ion coef f ic ient
o i  uni t l  ) \ \ 'e  mav ivr i re eqns.  (3.1)  and (3.2)  in  the usual  form for  coupl ine
probiems:

I D
a l  I' :  { , , E ,  - S , . E ,

c  - -  '

0 : - S ' E r + A . 2 E ,

Solvins these coupl ing equat ions leads to the energy'  density in
containing the source:

4 P r , ' c

(3 .1 )

(3 .5  )

room l .

(3 .6 )F

If rve had treated the trvo

1 , ,  -  S i . , A t -

rooms as a sin_ele acoustical spaceue rvould



' i r r r  c  found the io l lorv ing
- l ; ns i t 1 :

Coupled Rooms

expression for the

-  4P , , ' ( '
A  t o +  A , o
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cornmon mean energ)

(3 .11

Taking in to account  eqn.  (3.3) ,  the denominator  of  eqn.  (3.6)  may be
r,. ntten:

\ \ 'e  see.  compar ing th is  wi th the denominator  of  eqn.  (3.7) ,  that  the
cqrrrvalent  absorpt ion area A"o of  room 2 (not  count ing the coupl ing
.Lirt 'ace) does not enter into the enerey balance with its iull arnount. but
; :  d imin ished by the factor  S, , , , , .1  , , ,  rvh ich we cai l  thc.coupl inr :  factor .
: r ' om room I  t o  room i :

A , : 5 r . , . { , ,  r _ j . . t i

i i i is I 'acror. ' 'hich characterizes the difference bet*.een the 'single-room'

. ind 'coupicc i - room 
anal lses.  depends not  onlv  on such geometr ic  con-

. : i t ions es t i re  rat io  of  the coupl ins area to the tota l  area of  room I  bLr t

.t lso on the absorprion coefficients of all the surfaces in that room.
l i . { .0  >> S, ,  { that  is .  i f  k ,  is  r ,erv smal l  compared rv i th  i ts  maximum

i 'oss ib le 'a lue of  uni ty) .  the resul tant  absorpt ion area for  room I  is
ly ' 'u  -  S, .  ) .  This  means that  the coupl ins area is  to  be regarded as an
' 'pen *rndow' .  l rh ich must  be added to the rest  of  the absorpt ion in  room
l.  c leer l l  i t  * 'ou ld be rvrong.  in  th is  case.  to  add the much larger
. rbso rp t ron  a ree .1  . o  t o . - { , 0 .  s i nce  i t  wou ld  be  imposs ib le  t o  abso rb  more
r i r ) \ \ 'er  f rom room I  than enters the coupl ing area.  This l imi t ine case
: tc tuui l l  occurs for  near ly  a l l  deep boxes in  theaters and for  the seat ine
.r reas underneeth deep balconies in  audi tor i r . rms.

On  the  o the r  hand .  i f  . , l  , o<<S , , ,  t he  coup l i nQ  fac to r  S , , , , 1  , ,  d i f f e r s  so
l i t t le  f rom uni r l ' that ,^ l  , l  can be added d i rect ly  to  116,  in  ef i 'e i t  t reat ing
the t \ \ 'o  rooms as one.

A reliable decision as to horv close rve are to one or the other of these
t t ro l imi ts  requi res an exact  ca lculat ion of  the coupl in_s factor .  But  s ince
the stat is t ica l  theor l '  o f  coupled rooms can g ive onl1,  an approximate
]ns\ \ 'er  any\ \ 'ay.  rve adopt  the fo l lowing ru le-of - thumb: i f  the boundary
urea covered r i ' i th  absorpt ive mater ia ls  in  room 2 exceeds the couol ine

(o ,o * r r r+ )
\  

d : : , /
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area, treat the coupiing area as an open windorv; otherwise' treat room 2

as part of room t. rnis rule-of-thumb also applies to the calculation of

the reverberation time ol room l, as rve shall see belorv'

Thes ign i f i canceo f thecoup l i ng fac to rbecomes immed ia te l yev iden t i n
calculating the ratio of energy densities. based on eqn' (3'5):

/ 1 q l

k r : S t : , ' / r t (3.  l0)

Since,4, ,  is  usual ly  very large compared to Sr ' ,  th is  coupl ing factor  ts

usual lv  smal l .

I f  k ,1 ( that  is .  i f  S, ,  >,  Ar) ,  there rv i l l  n-ot  be a s igni fcant  decrease tn

louiness as we pass i iom .oom I to room 2. (The fact that balcony seats

are sometimes preierred for their greater loudness may actually result

from geometric room acoustics conditions and short dela-v* times. rather

than a simple energy balance: these matters l ie be-vond the reach of

statistical room acoustics: see Chapter I.5')

l f .  on the other  hand.  k"  is  smal l  ( that  is .  i f  S1.<<' - { 'o) '  the drop-of fof

energ] densitl '  upon enterins room I is uuite evident. an efi 'ect thet ts

freq'ientt.v noticed upon stepping back under deep balconies in audi-

,o.iurn.. (In Section I.5.6 rve ciiscussed horv this effect can be minimized

by -eeometr ica l  meuns. t
The loss of  loudness is  usuai l l '  not  ser ious in  such ceses.  because our

ears can adapt to a lorver loudness level. Indeed. the under-balcony seats

mav even have the acoustical advantage of great clarity of sound (again

for  geometr ica l  acoust ics reasons) .

But the loss of loudness of the desired signal may become quite

noticeable in comparison with the loudness oi an intrusive noise that is

p r o d u c e d w i t h i n t h e c o u p l e d r o o m . 2 . W h e r e a s t h e e n e r g y d e n s i t y o f t h e
signal in room 2 is decreased by a factor of S127"'1 "' compared with that

in room l. the energy densitl '  o[ the intrusive noise in room 2 is grester

b1 'a factor  of  . {11" . ' { . ,  than the energy densi ty  that  rvould be produced

b! ,  the same noise ,our . .  in  room 1.  This means that  the rat io  of  s ignal

.n.rg1, densit-"- to noise energ) densitf in room 2 is smaller by a factor oi

S , ,  ] , ,  t han  i t  *ou ld  be  i n  room I  * i t h  t he  same no i se  sou rce  ope ra t l ng

there.
This coupl ing factor  concerns the coupl ing of  sounds f rom room 1 to

room 2. so rve characterize it bY kr:


