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bcing located more in the auditorium, may produce curves l ike the solid
lines in the left parts of the figures.

Such a d i f ference.  in  fact .  mav even be at t ract ive up to a cer ta in point .
)o that experienced listeners just notice it, but others in the audience
pcrceive it as a 'special ' but undefined quality.

There have been occasional attempts to compensate for a too-short
rcverberation time in the auditorium by allorving the audience to hear
the longer reverberation time of the stage house: but rve have learned in
this section that the decay process thus achiel'ed is quite different from
that rvhich a longer reverberation time in the auditorium rvould give.

l l  3 .5  E iec t roacous t r ca l  Couo i i nq  be tween  Rooms

.\nv consicieration of coupied rooms would be incomplete toda-v" if we

. i rok in to account  onl l  the 'natura i '  coupl ing.  c i iscussed up to th is  point .
t ithout also accounting for the possibii i ty of 'artif iciai ' coupling by
rneans of microphones. amplif iers and loudspeakers.

The most irequentll '  used applications of the latter occur with radio or
teievision broadcasts and in cinema theaters. The sound is picked up by
a microphone in one room and is transmitted. either ' l ive' or recorded.
into another  room (a l iv ine room or  a c inema theater) ,  where i t  is  re-
radiated bv loudspeakers.

This kind of coupling exhibits trvo essential differences from natural
coupling. First. the coupling is uni-directional: that is. with respect to our
ener-sy balance. room 1 transfers into room 2 an amount of power Pt,
that  is  proport ional  to  E, :

D  _ V  t r (3 .53  )

but room 2 transmits no power back to room 1 at all.
The second difference is that the porver radiated into room 2 is not

subtracted f rom the po\r 'er  P,  radiated in to room l :  that  is .  the e lec-
t roacoust ica l  equipment  does not  absorb sound enersy in  room I  and
thus has no in t " luence on the value of  . { , .  (This  is  not  as sel f -ev ident  as i t
appears. At least u'e u'i l l  discuss later an arrangement by rvhich the
electroacoust ica l  equipment  actual ly  adds to P,  and thereby reduces the
va lue  o f  . { , . )

The porver  P, ,  is  taken f rom an independent  power source.  rvh ich is
'p i lo ted '  b1 '  the t ime-var f  ine E, :  only  in  th is  manner is  the uni -
d i rect ional  coupl ing possib le.  The constant  K, , ,  rvh ich conta ins the garn
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of the amplif ier chain. can be given any value rve choose: therefore. the

amount of porver radiated into room 2 is independent of the amount of

porver produced in room I'

The lack of any energy leedback from room 2 leads to a power balance

equation lor room 1 in rvhich E. does not appear:

^  A t r
p , : 1 A , E , + v r ]  ( 3 . s . 1 )

a u r

After the sound source is stopped, we have only a single exponential

decay wi th the damping constant :

- C.' l r
r ) r :  r
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The in i t ia i  energ)  densi t l  a f ter  ione erc i te t ion is :

t D

co r : l_l_
L r a  1

For impuis ive exci tat ion.  \ \ 'e  get  (as above.  in  eqn'  (3 '51)) :

P , A It r  ' -  '
" o l  -  

t tY l

In the playback room. in both cases. the reverberation in room I

appears as continuing but decreasing excitation. For steadl-state exct-

tet ion in  room l .  we get  the equat ton:

K , , E ^ ,  c -  2 j t ' _ c '  { ' E ' +  L =i r - u r '  1 ' . - .  
-  d t

This reverberation forces a single decay process in room 2

exponent :

E : r : E o : 1 e - : i t t

o r .  accord ing  to  (3 .58) :

E , ,  : 4 K t ' E o '  -  
j t - r - t ' ' , '
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u 'here  rve  ha l 'e  aga in  in t roduced d ,  fo r  the  damping  cons ten t

-  c A .
h.: - - - - - - :- :  gv,

(3.ss )

(3 .56)

(3 .s7)

(3.58)

with the same

(3 .5  e  )

(3.60)

of room 2:

( 3 . 6 1  )
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But the in i t ia l  energy densi ty  that  appears in  eqn.  (3 '60)  is '  in  general '

nor  thar  rvh ich ex is ts  at  t :0  in  room 2.  I f  the reverberat ion fo l lorvs

:read\'-state excitation. we must expect there the energy density:

4 K . ,  E ^ ,
r  ^ ^ : -- v z  

c A .

l l  the decay follows an impulsive excitation. we have

Eo . ' , : 0  (3 .63 )

In both cases. \\ 'e must supplement eqn. (3.60) rvith a term that decal's

t i th  rhe damping constant  d, .  in  order  to fu ih l  the in i r ia i  conci i t ions.

, 'hr sicall i  erpresseci. we must acid to the 'forcect-re\ erDcretlon Ieri. l: l  i- l
' i ' r ;e- reverberat ion '  term.

Thus. we get a solution ior steady-state excitation as follows:

-  - 1  K , , E n ,  l -  . i :  . - . r , . r r  d '  , - . . . , - l
E. :  

-  
t - : - - - - - - -c  - : - -_c  -  

I-  c , 4 z  L d z - d r  d : - d r  - l

ln  the case of  impuls ive exci tat ion we set :

(3.62)

(3 .64)

I  {  h \ l

,The erDressions in  brackets are the same as those in eqns '  (3.48)  and

i-1.-r0). shorving that in those equations rve have already neglected the

; :edback f l rom the neighbor ing room.)
Note that  eqns.  (3.64)  and (3.65) ,  tak ing in to account  eqns.  (3.56)  and

t3.57) .  obey the general  condi t ion of  eqn.  (1.18) .

We distinguish again betrveen the two possibil i t ies, that room I or

room 2 is the more reverberant. Figure 3.6 shows the curves oi level

versus time for these two cases (left and right): the situation rvith steadl"-

s tate exci tat ion is  shorvn at  the top.  that  rv i th  impuls ive exci tat ion at  the

bot tom. The sol id  l ines refer  to  the recording room, the dashed l ines to

the  p la rback  room.  f .
The case of  D,  <d,  ( i .e .  Tr>T. ,  le f t )  is  the normal  s i tuat ion for  the

pla lback of  concer ts  in  t iv ing rooms.  The reverberat ion heard there

corresponds to the reverberat ion in  the recording room (s ince the shor t

t ime delay in  room 2 is  hard ly  not iceable) .  For  the other  case.  at  >d,  ( i .e .

rhe reproduct ion o i 'dry 'music in  a reverberant  space.  r ight l .  the shor t

reverberat ion t ime of  the recording room is  not  obserrable in  room 2.

For  th is  reason.  the chanses in recorded reverberat ion that  are some-
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Fig. 3.6. Reverberation processes (level versus ttmet ior uniciirectional couplinl

beirveen rooms. Lefl: source room more re'erberant. Right: plalback room more

reverberan!. Top: steadv-state excitarion' Bottom: impulsile excltation'

t imes introduced in an attempt to replace the missing visual scenery

$i th.acoust ica l  scenery ' .  are not  heard.  because they are swamped by the

reverberation of the plavback room'

Since such artif icial manipulation of the recorded acoustics was re-

garded as a legitimate tool of the movie industry, it was assumed in the

Jarly days that it rvas nicessary to make the acoustics of cinema theaters

o, ' i .od: as possible. But this extreme practice was quickly given up' not

oniy becausi cinema theaters are sometimes used for other purposes. but

also be.ause it rvas found that the loudspeaker sound is unnatural when

the reflections from the rvalls and ceil ing are missing. All the sound tends

to be localized at the front. so that even rvhen the reproduced sound

contains reverberation. the l istener never feels that he is in a reverberant

space.  nor  e l 'en that  he is  looking in to a re l 'erberant  space'

Cerra in l l ' ,  a  reverberant  c inema theater  $ 'ould be unsui table,  because

the speech $,ould be uninte l l ig ib le:  so norvada)s the acoust ica l  requtre-

ments for a cinema theater are considered to be the same as for a lecture

room or  drama theater .

It is not ahva-v's possible. on the stage' to adjust the acoustical

impression to match the r , isual  Scene:  somet imes.  in  |act ,  there ts  an

obvious contradic t ion.  The more-or- less absorpt ive painted canvas s!ase


