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CHAPTER I I I

A Method to  Reduce the  P o s itiv e  Feedback in  An Audio System

The s t a b i l i t y  o f an audio system can be in c rea sed  by J,he 
method o f frequency s h i f t in g .  From the th e o r e t ic a l  p o in t o f  view 
the s t a b i l i t y  o f  th e  system should n o t depend on th e  magnitude o f  th e  
frequency s h i f t ,  b u t in  p ra c tic e  th e  frequency o f th e  system must be 
sh if te d  by a c e r ta in  minimum amount befo re  a s e n s ib le  a d d it io n a l gain  
can be o b ta in ed , in  th is  ch ap te r , b a s ic  d isc u ss io n  w il l  be given on 
th e  magnitude o f the frequency s h i f t  and the  frequency s h i f t i n g  s y s te m .

3.1 Roan Frequency Response

Room frequency response between two lo c a tio n s  w ith  n e g lig ib le  
d i r e c t  sound tran sm iss io n  i s  n o t smooth over th e  audio frequency band.
I t  appears as peaks and v a ile y w ith  the  spacing between them depending 
la rg e ly  on the re v e rb e ra tio n  tim e, so th a t  most rooms having approxim ately  
th e  same re v e rb e ra tio n  tim e w il l  show the  same spacing between ad jacen t 
peak and v & lle y

In  1962 Schroeder, and R u ttru ff  (6 .)  showed th a t  the  average
frequency spacing between a d ja ce n t peak and v a l le y  o f  th e  room frequency
response carve i s  equal to  — i where T/J-. i s  the  re v e rb e ra tio n
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An example o f room frequency response curve between two 
lo c a tio n s  w ith  n e g lig ib le  d i r e c t  sound tran sm iss io n  [ 5 ) i s  shown 
in  F ig , 3 .1 . Major peaks occur a t  an average frequency spacing o f 
about 10 Hz.

dB

F ig . 3.1 Frequency Reaponec Curve o f A Roo»

The average sound p ressu re  le v e l  f lu c tu a t io n  between a peak and a v a l ly  
i s  about 10 dB and thê extreme v a r ia t io n s  cover a range of 30 dB or more. 
The h ig h e s t peak exceeds the  average le v e l  by more than  10 dBj th i s  w il l  
cause the system to  be u n s ta b le .
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The purpose of s l ig h t ly  s h if t in g  the frequency by an amount 
equal to  the  average spacing between peak and a d ja ce n t v a lle y  i s  to  
reduce the peak gain  by u sin g  the  low gain  c h a r a c te r is t ic  o f the  v a lle y  
on the  nex t t r i p .  So the magnitude o f the frequency to  be s h i f te d  w il l  
be the d iffe re n c e  between th e  frequency o f the  peak and th a t  o f  th e  
ad jacen t v a l le y ,  which i s  about 5 Hz. Soe F i g .  3 .1

3 .2  Optimum Frequency S h if t

In  1964 the  measurements of the  a d d it io n a l  s ta b le  ga in  [ 5 ]
a s  a fu n c tio n  o f th e  magnitude and sign  o f the  frequency s h i f t  were taken
in  a la rg e  aud ito rium , a medium s iz e  room, and a small, sound-proof room»
The r e s u l t  ( 5 ] showed th a t  the optimum frequency s h i f t  i s  equal to  the
average spacing between peak and ad jacen t v a lle y  o f th e  room frequency
response or about — —  •

60

The la r g e r  s h i f t s  do n o t g ive any b e t t e r  improvement and in  
sene cases a re  even le s3  e f f e c t iv e .

There i s  a ls o  no s ig n if ic a n t  d iffe re n c e  between p o s itiv e  and 
negative  s h i f t s .  That experim ent le ad s  to  th e  conclusion th a t  the 
optimum frequency s h i f t  fo r  most room i s  about 4 H2V to  12 Hz. [ 5 )
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3.3  Frequency S h if tin g  Method

There a re  many methods which can be used to  s h i f t  th e  frequency» 
The method we use here  has the  same p r in c ip le  • im ila r  to  th a t  o f an a n a lo g  
computer. The in p u t s ig n a l w ith  a frequency f  i s  sh if te d  by a 
magnitude o f A  f , to  g e t th e  ou tput s ig n a l w ith  a frequency ( f  + A f ) .

Let us consider a s in u so id a l s ig n a l o f frequency f  
i t s  in s tan tan eo u s  v o lta g e  w ith  peak v o lta g e  Vp i s  rep re se n te d  by

\'L = Vp s in  2  77 f t

Vi w ith  9C* phase d iffe ren ce  i s  rep re sen ted  by 
\ \  • = Vp cos 2 77 f t

In  o rder to  s t a b i l i z e  th e  system th e  ou tpu t s ig n a l frequency 
should be sh if te d  by an amount o f A f  then

v0 = Vp s in  2 77 ( f  + A f ) t  

= Vp s in  (2 77 f t  + 2 77 A ft)

= V. s in  2 77 f t  cos 2 77 A f t  + cos 77ft

s in  2 77Aft

The s ig n a ls  Vp s in  2 77 A f t  and Vp cos 2 77 A f t  a re  th e  frequency 
s h if t in g  s ig n a ls  in  quadra tu re  which a re  genera ted  by an o s c i l l a t o r .
Let us re p re se n t th ese  s ig n a ls  by 

Vร Vp s in  2 77 A ft
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and V w ith  90 phase d if fe re n c e  by
/

Vร = Vp cos 2 71 A ft

then
¥0 = V . ¥ 3 + V* . ¥ 3 .....................................(3.1)

From f i q .  (3 .1 ) one can design a system fo r  p rocessing  th e  
in p u t s ig n a l frequency to  be s h if te d  by an amount o f / \ f .

The whole system c o n s is ts  o f  a phase s h i f t  netw ork, a p a ir  
o f  s ig n a l m u l t ip l ie r s ;  a s ig n a l summing c i r c u i t ,  and a quadra tu re  
s ig n a l g en e ra to r as shown in  F ig . 3.2»

Q uadrature S ign al G enerator
F ig . 3 .2  Frequency S h if t in g  Syatea.
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