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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  an  acoustic  appa- 
ratus  which  is  connected  to  a  general-purpose  or  usual 
power  amplifier  for  normally  driving  a  loudspeaker  and 
improve  electro-acoustic  reproduction  (transduction) 
characteristics  of  an  loudspeaker  constituting  the 
acoustic  apparatus,  and  a  driving  apparatus  for  driving 
the  loudspeaker  to  improve  its  electro-acoustic  repro- 
duction  characteristics  in  cooperation  with  the  general- 
purpose  power  amplifier. 

2.  Prior  Art 

A  conventional  power  amplifier  for  driving  a  loud- 
speaker  (loudspeaker  unit  (vibrator)  or  a  loudspeaker 
system)  normally  has  a  substantially  zero  output  imped- 
ance,  and  constant-voltage  drives  the  loudspeaker. 

In  contrast  to  this,  recently,  there  are  proposed 
acoustic  systems  which  improve  acoustic  reproduction 
characteristics  of  loudspeakers  or  make  a  loudspeaker 
vibration  system  compact  without  impairing  acoustic  re- 
production  characteristics  by  so-called  negative  imped- 
ance  driving  (a  negative  impedance  component  is  in- 
cluded  in  an  output  impedance)  or  so-called  motional 
feedback  (MFB)  driving  (a  loudspeaker  output  is  detect- 
ed  by  a  certain  method)  (European  Patent  Application 
Publication  No.  0  322  686,  No.  0  322  679,  No.  0  332 
053,  United  States  Patent  No.  4  118  600  and  the  like). 

However,  these  acoustic  systems  need  special-pur- 
pose  driving  apparatuses  (power  amplifiers)  corre- 
sponding  to  loudspeakers  to  be  used.  For  this  reason, 
when  a  user  who  possesses  and  regularly  uses  a  gen- 
eral-purpose  power  amplifier  wants  to  constitute  the 
system,  he  or  she  cannot  utilize  his  power  amplifier  at 
all. 

Japanese  Patent  Application  Laid-Open  Gazette 
No.  Sho  58-29295  discloses  a  technique  that  a  loud- 
speaker  is  connected  in  series  with  a  negative  resist- 
ance  circuit  having  a  negative  resistance  at  a  predeter- 
mined  frequency  or  less,  and  the  series  circuit  of  the 
loudspeaker  and  the  negative  resistance  is  driven  by  a 
general-purpose  amplifier  to  improve  bass  tone  range 
characteristics  of  the  loudspeaker.  However,  as  shown 
in  Fig.  9,  the  negative  resistance  circuit  uniquely  dis- 
closed  in  the  embodiment  of  Japanese  Patent  Applica- 
tion  Laid-Open  Gazette  No.  Sho  58-29295  isatransistor 
class-A  single  amplifier  which  has  a  resistor  as  a  load. 
Such  a  transistor  class-A  single  amplifier  is  not  used  for 
supplying  power  to  a  low-impedance  load  such  as  a 
loudspeaker  in  terms  of  voltage  utilization  efficiency, 
power  loss,  cost,  and  the  like  except  for  a  case  wherein 
it  is  used  for  a  very  small  power  such  as  an  earphone 
or  a  headphone,  or  a  very  special  case  like  in  a  hobby 

use.  More  specifically,  this  transistor  class-A  single  am- 
plifier  does  not  belong  to  a  category  of  power  amplifiers 
for  driving  a  loudspeaker  in  a  general  idea.  Furthermore, 
in  this  negative  resistance  circuit,  an  impedance  Z  which 

5  is  a  detection  resistor  corresponding  to  a  detection  re- 
sistor  Rs  for  speaker  current  detection  according  to  the 
present  invention,  is  connected  in  series  with  the  loud- 
speaker  unit  through  a  transistor  and,  an  emitter  resistor 
is  connected  at  one  end  to  a  point  where  the  emitter  of 

10  the  transistor  and  loudspeaker  unit  2  are  connected 
each  other  and  is  also  connected  at  its  other  end  to  a 
grounding  point.  With  this  arrangement,  a  current  that 
flows  through  the  loudspeaker  (speaker  current)  also 
flows  through  the  emitter  resistor  at  the  time  when  the 

is  loudspeaker  is  driven,  whereby  it  is  made  impossible  to 
precisely  detect  the  current  (speaker  current)  flowing 
through  the  loudspeaker  unit.  Since  this  negative  resist- 
ance  circuit  is  not  constituted  by  a  push-pull  circuit  and; 
among  A  class  amplifiers,  the  negative  resistance  circuit 

20  is  restricted  in  its  applicability,  it  cannot  simply  be  re- 
placed  with  a  power  amplifier  circuit  which  precisely  de- 
tects  the  speaker  current  thereby  to  enable  it  to  output 
the  optimal  negative  resistance  and  is  generally  suitable 
for  driving  the  speaker. 

25  More  specifically,  although  Japanese  Patent  Laid- 
Open  Gazette  No.  Sho  58-29295  theoretically  suggests 
that  a  loudspeaker  can  be  negative-resistance  driven 
using  a  general-purpose  power  amplifier  by  connecting 
the  loudspeaker  in  series  with  a  negative  resistance  cir- 

30  cuit,  it  does  not  disclose  or  suggest  an  arrangement  of 
a  practical  negative  resistance  circuit  which  can  drive  a 
loudspeaker  without  posing  any  problem. 

The  EP-A  0  293  806  discloses  a  dynamic  loud- 
speaker  driving  apparatus,  which  comprises  an  amplifi- 

es  er  to  one  input  of  which  the  motional  voltage  of  the  loud- 
speaker  is  negatively  feeded  back.  This  loudspeaker 
driving  apparatus  corresponds  to  the  apparatus  which 
are  disclosed  in  the  above-mentioned  EP-A  0  322  686, 
0  322  679  and  0  332  053  since,  also  the  so-called  mo- 

40  tional  feedback  driving  (MFB-driving)  is  applied.  As  it  is 
disclosed  above,  also  the  loudspeaker  driving  appara- 
tus  disclosed  in  the  EP-A-0  293  806  needs  a  special 
power  amplifier  corresponding  to  the  loudspeaker  to  be 
used.  Therefore,  also  in  this  case  the  power  amplifier 

45  cannot  be  used,  if  the  user  who  possesses  and  regularly 
uses  a  general-purpose  power  amplifier  wants  to  con- 
stitute  the  MFB-system. 

In  order  to  achieve  the  above  object,  according  to 
the  present  invention,  an  apparatus  for  driving  a  loud- 

so  speaker  unit  in  cooperation  with  an  external  power  am- 
plifier  for  constant-voltage-driving  a  loudspeaker  is  pro- 
vided  as  set  forth  in  claim  1  .  Preferred  embodiments  are 
disclosed  in  the  dependent  claims. 

According  to  the  invention,  a  dynamic  loudspeaker 
55  driving  apparatus  is  provided  in  which,  in  addition  to  the 

conventional  external  power  amplifier,  an  additional 
power  amplifier  unit  is  provided  for  driving  a  loudspeaker 
in  cooperation  with  said  conventional  general-purpose 
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power  amplifier  to  improve  the  electro-acoustic  repro- 
duction  characteristics  of  the  loudspeaker,  and  for  gen- 
erating  an  electric  energy  corresponding  to  an  increase 
in  energy  from  that  in  a  normal  or  conventional  driving 
operation  during  driving  operation  for  improving  the 
characteristics.  A  normal  driving  energy  as  another  en- 
ergy  is  supplied  from  the  general-purpose  power  ampli- 
fier. 

With  this  arrangement,  since  the  normal  driving  en- 
ergy  is  supplied  from  the  general-purpose  power  ampli- 
fier  as  a  conventional  power  amplifier,  a  user  who  reg- 
ularly  uses  the  general-purpose  power  amplifier  can  uti- 
lize  it  to  realize  negative-impedance  driving  or  MFB  driv- 
ing,  thereby  improving  electro-acoustic  reproduction 
characteristics  of  his  or  her  or  a  commercially  available 
loudspeaker.  Furthermore,  a  compact  acoustic  appara- 
tus  (loudspeaker  system)  which  can  automatically  attain 
negative-impedance  driving  or  MFB  driving  when  it  is 
driven  by  a  general-purpose  power  amplifier,  and  has 
good  electro-acoustic  reproduction  characteristics  can 
be  realized. 

In  the  driving  apparatus  of  the  present  invention, 
since  an  electric  energy  corresponding  to  an  increase 
in  energy  caused  by  the  negative-impedance  driving  or 
MFB  driving  is  supplied  from  the  second  power  amplifi- 
er,  an  output  from  the  general-purpose  power  amplifier 
which  cooperates  with  the  second  power  amplifier  can 
be  efficiently  utilized.  Furthermore,  since  the  second 
power  amplifier  need  only  supply  an  electric  energy  cor- 
responding  to  an  increase  in  energy  caused  by  the  neg- 
ative-impedance  driving  or  MFB  driving,  it  can  be  ren- 
dered  compact  and  inexpensive  as  compared  to  a  con- 
ventional  driving  apparatus  exclusively  used  for  nega- 
tive-impedance  driving  or  MFB  driving. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  circuit  diagram  showing  an  arrangement 
of  an  acoustic  apparatus  according  to  an  embodi- 
ment  of  the  present  invention; 
Fig.  2  is  a  circuit  diagram  showing  an  arrangement 
of  an  acoustic  apparatus  according  to  the  second 
embodiment  of  the  present  invention; 
Figs.  3A  to  3C  are  respectively  an  equivalent  circuit 
diagram  of  the  acoustic  apparatus  shown  in  Fig.  2 
and  equivalent  circuit  diagrams  of  acoustic  appara- 
tuses  according  to  the  first  and  second  prior  arts; 
Fig.  4  is  a  circuit  diagram  of  an  acoustic  apparatus 
according  to  the  third  embodiment  of  the  present 
invention; 
Fig.  5  is  a  detailed  circuit  diagram  of  the  acoustic 
apparatus  shown  in  Fig.  4; 
Fig.  6  is  a  circuit  diagram  of  an  acoustic  apparatus 
according  to  the  fourth  embodiment  of  the  present 
invention; 
Fig.  7  is  a  detailed  circuit  diagram  of  the  acoustic 
apparatus  shown  in  Fig.  6;  and 
Fig.  8  is  a  circuit  diagram  of  an  acoustic  apparatus 

according  to  the  fifth  embodiment  of  the  present  in- 
vention. 
Fig.  9  is  a  circuit  diagram  showing  an  arrangement 
of  an  acoustic  apparatus  according  to  a  prior  art 

5  (Japanese  Patent  Application  Laid-Open  Gazette 
No.  Sho  58-29295). 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

10 
Preferred  embodiments  of  the  present  invention  will 

be  described  below  with  reference  to  the  accompanying 
drawings.  The  same  reference  numerals  or  those  with 
the  same  suffixes  denote  the  common  or  corresponding 

is  parts  throughout  figures. 
Fig.  1  shows  an  arrangement  of  an  acoustic  appa- 

ratus  according  to  an  embodiment  of  the  present  inven- 
tion.  This  acoustic  apparatus  performs  negative-imped- 
ance  driving  to  improve  loudspeaker  characteristics.  In 

20  this  apparatus,  a  loudspeaker  unit  2  and  an  amplifier  unit 
3  serving  as  a  negative-impedance  driving  apparatus  as 
the  characteristics  feature  of  the  present  invention  are 
disposed  in  a  cabinet  1  having  a  resonance  duct  port 
11.  The  apparatus  also  has  a  pair  of  external  input  ter- 

25  minalsPI  and  P2  for  connecting  this  acoustic  apparatus 
to  output  terminals  of  a  power  amplifier  5  as  a  general- 
purpose  power  amplifier.  The  amplifier  unit  3  comprises 
a  power  amplifier  circuit  31  ,  a  positive  feedback  circuit 
32,  and  atransferfunction  control  circuit  33.  The  positive 

30  feedback  circuit  32  comprises  a  feedback  amplifier  A1 
given  with  a  predetermined  transfer  function  p  by  an  im- 
pedance  element  Zs  for  detecting  a  loudspeaker  cur- 
rent,  impedance  elements  Za  and  Zb,  and  the  like.  The 
impedance  value  of  the  impedance  element  Zs  has  a 

35  negligible  magnitude  as  compared  to  that  of  the  loud- 
speaker  unit  2. 

In  the  apparatus  shown  in  Fig.  1  ,  one  external  input 
terminal  P1  is  connected  to  one  input  terminal  P3  of  the 
loudspeaker  unit  2  via  the  impedance  element  Zs  for  de- 

40  tecting  the  loudspeaker  current,  and  the  other  input  ter- 
minal  P4  of  the  loudspeaker  unit  2  is  connected  to  an 
operation  reference  potential  point  of  the  amplifier  unit 
3.  Furthermore,  a  detection  output  obtained  by  detecting 
a  current  flowing  through  the  loudspeaker  unit  2  by  the 

45  impedance  element  Zs  is  positively  fed  back  to  the  input 
of  the  power  amplifier  circuit  31  via  the  feedback  ampli- 
fier  A1  .  In  addition,  an  input  signal  supplied  to  the  exter- 
nal  input  terminal  P1  is  also  supplied  to  the  input  of  the 
power  amplifier  circuit  31  via  the  transfer  function  control 

so  circuit  33  having  a  predetermined  transfer  function. 
Various  characteristics  of  the  amplifier  unit  3  are  as 

follows.  That  is,  if  an  internal  impedance  of  the  loud- 
speaker  unit  2  is  represented  by  ZL,  a  transfer  function 
(gain)  of  the  transfer  function  control  circuit  33  is  repre- 

ss  sented  by  T(s),  a  transfer  gain  of  the  positive  feedback 
circuit  32  is  given  by  the  equation,  p  =  Zb/Za,  a  transfer 
gain  of  the  power  amplifier  circuit  31  with  respect  to  an 
output  voltage  of  the  transfer  function  control  circuit  33 

3 
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is  given  by  the  equation,  a  =  Zf/Zc,  and  a  transfer  gain 
of  the  power  amplifier  circuit  31  with  respect  to  the  out- 
put  voltage  of  the  positive  feedback  circuit  32  is  given 
by  A  =  Zf/Zd, 

(a)  Transfer  characteristics  G(s)  are  expressed  by: 

G(sl jCO V: 

1  +  A«T(s) 
1  +  g   (1  -  a.p) 

(b)  A  driving  impedance  Zo  when  viewed  from  the 
loudspeaker  unit  2  is  given  by: 

Zo  =  ZL 
G ZL  = 
G, ẐL  =ZL 

Zs  (1  -  a»P) (2) 

where  GZL  =  00  and  GZL  =  ZL  are  transfer  character- 
istic  values  obtained  when  ZL  =  °°  and  ZL  =  ZL  are 
substituted  in  equation  (1).  An  output  impedance 
AZ  of  the  power  amplifier  5  is  set  to  be  0  Q. 

(c)  A  load  impedance  Zi  when  viewed  from  the  pow- 
er  amplifier  5  is  given  by: 

Zi  : ZL  +  Zo 
1  +  A»T(s) (3) 

From  these  equations, 

(d)  T(s)  for  making  the  transfer  characteristics  to  be 
1  ,  i.e.,  for  causing  the  output  sound  pressure  of  the 
loudspeaker  to  have  the  same  frequency  character- 
istics  as  those  in  a  usual  constant-voltage  driving 
mode  is  given  by: 

T(s) Zo 
A»ZL (4) 

(e)  T(s)  for  making  an  amplitude  of  a  voltage  (vs)  at 
a  negative  impedance  output  terminal  (output  ter- 
minal  of  the  power  amplifier  circuit  31)  zero,  i.e.,  for 
making  vs  zero  when  a  loudspeaker  is  driven  with- 
out  being  caused  a  counteraction  from  surrowding 
while  maintaining  an  effect  of  a  perfect  damping 
state  (Q  of  a  loudspeaker  driving  system  is  0)  is  giv- 
en  by: 

T(s) Zo-Zs (5) v  '  A  (ZL  +  Zs)  v  ' 

In  practice,  however,  since  a  counteraction  from 

surrowding  to  the  loudspeaker  occurs,  vs  cannot  be 
zero  even  if  T(s)  is  set  like  in  equation  (5). 

Operations  of  the  variables  in  the  acoustic  appara- 
5  tus  shown  in  Fig.  1  were  examined.  Examination  results 

are  as  follows. 

(a)  When  a»p  =  1  is  set,  since  Zo  =  0  from  equation 
(2),  the  apparatus  is  set  in  a  constant-voltage  driv- 

10  ing  state.  In  addition,  since  transfer  characteristics 
are  given  by  1  +  A»T(s)  from  equation  (1  ),  frequency 
characteristics  can  be  controlled  by  controlling  T(s). 
(b)  From  equation  (2),  in  a  region  of  a»p  >  1,  the 
output  impedance  Zo  becomes  negative. 

is  (c)  When  T(s)  =  0,  the  apparatus  can  be  operated 
as  a  negative  impedance  circuit  aimed  by  Japanese 
Patent  Application  Laid-Open  Gazette  No.  Sho. 
58-29295. 
(d)  From  equation  (5),  the  magnitude  of  the  nega- 

20  tive  impedance  generator,  i.e.,  the  power  amplifier 
33  of  the  amplifier  unit  3  can  be  reduced,  and  power 
consumption  can  be  reduced. 
(e)  Optimal  conditions  can  be  set  by  setting  a,  p,  A, 
andT(s).  In  this  case,  T(s)  serves  as  a  transfer  sys- 

25  tern  for  a  phase  inversion  system  (-IT(s)l). 

In  Fig.  1,  the  amplifier  unit  3  negative-impedance 
drives  the  loudspeaker  unit  2  in  cooperation  with  the 
power  amplifier  5.  This  negative-impedance  driving  is 

30  performed  in  the  same  manner  as  in  the  acoustic  appa- 
ratus  disclosed  in  European  Patent  Application  Publica- 
tion  No.  0  322  686.  Accordingly,  in  the  circuit  shown  in 
Fig.  1  ,  for  example,  in  a  low  frequency  range,  such  neg- 
ative  resistance  drive  that  is  disclosed  in  European  Pat- 

35  ent  Application  Publication  No.  322,686  is  performed, 
whereby  the  speaker  unit  2  is  damped  and  driven  ex- 
tremely  strongly  and  the  reproduction  characteristics, 
especially  low  frequency  range  characteristics  thereof, 
is  improved  or  whereby  a  cabinet  can  be  made  small  in 

40  size,  or  a  speaker  system  as  a  whole  can  be  made  small 
in  size  without  damaging  the  reproduction  characteris- 
tics. 

Fig.  2  shows  the  second  embodiment  of  the  present 
invention.  In  this  acoustic  apparatus,  a  dynamic  loud- 

45  speaker  is  used  as  the  loudspeaker  unit  2  to  express 
the  overall  circuit  in  more  detail  as  compared  to  the  cir- 
cuit  shown  in  Fig.  1  ,  and  loudspeaker  current  detection 
operation  is  performed  at  a  ground  side.  An  internal  im- 
pedance  of  the  dynamic  loudspeaker  mainly  consists  of 

so  a  resistance  (Rv)  of  a  voice  coil,  and  slightly  includes  an 
inductance  component.  In  this  embodiment,  a  resistor 
Rs  is  used  as  the  loudspeaker  current  detection  imped- 
ance  element  Zs  so  that  the  output  impedance  Zo  ex- 
pressed  by  equation  (2)  serves  as  a  negative  resistance 

55  (-Rv)  for  canceling  the  internal  resistance  Rv.  In  addi- 
tion,  resistors  are  also  used  as  impedance  elements  for 
determining  the  positive  feedback  gain  a-p  and  the  am- 
plifier  gain  A. 

4 
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Furthermore,  in  the  apparatus  shown  in  Fig.  2,  an 
amplifier  A3  constituting  the  transfer  function  control  cir- 
cuit  33  also  serves  as  a  DC  servo  amplifier.  More  spe- 
cifically,  a  signal  supplied  to  the  external  input  terminal 
P1  is  non-inverting  amplified  by  the  amplifier  A3  of  the 
transfer  function  circuit  33,  and  the  amplified  signal  is 
inputted  to  the  non-inverting  input  terminal  of  an  ampli- 
fier  (internal  power  amplifier)  A2  constituting  the  power 
amplifier  circuit  31.  In  addition,  by  utilizing  the  inverted 
input  terminal  of  the  amplifier  A3,  a  DC  fluctuation  of  the 
internal  power  amplifier  A2  is  compensated  for  by  neg- 
ative  feedback  circuit  (amplifier  A2  and  a  capacitor). 

As  shown  in  the  equivalent  circuit  diagram  of  Fig. 
3A,  the  acoustic  apparatus  shown  in  Fig.  2  generates  a 
negative  resistance  (-Rv)  for  canceling  the  internal  im- 
pedance  Rv  of  the  loudspeaker  unit  2  independently  of 
the  loudspeaker  unit  2.  For  this  reason,  the  loudspeaker 
unit  2  is  equivalent  to  a  circuit  in  which  a  motional  im- 
pedance  ZM  is  directly  connected  to  voltage  sources  5 
and  31  without  going  through  an  impedance  such  as  the 
internal  impedance  Rv  or  the  like.  Since  the  voltage 
sources  have  an  internal  impedance  of  zero  respective- 
ly,  the  motional  impedance  ZM  of  the  loudspeaker  unit 
2  is  short-circuited  at  its  two  ends  so  that  its  resonance 
frequency  Q  becomes  zero.  As  a  result,  the  loudspeaker 
is  set  in  a  perfect  dead  state,  and  is  very  strongly  driven 
and  damped.  In  this  acoustic  apparatus,  the  transfer 
function  T(s)  of  the  transfer  function  control  circuit  33  is 
appropriately  set  so  that  the  output  voltage  of  the  power 
amplifier  circuit  31  for  generating  a  negative  resistance 
is  decreased,  thus  power  supply  from  the  power  ampli- 
fier  5  can  be  increased,  and  desired  frequency  compen- 
sation  in  a  negative-impedance  driving  mode  can  be 
performed. 

This  acoustic  apparatus  has  a  merit  in  that  a  con- 
ventional  general-purpose  power  amplifier  can  be  di- 
rectly  used,  and  characteristics  unique  to  the  power  am- 
plifier  can  be  directly  used,  and  characteristics  unique 
to  the  power  amplifier  can  be  sufficiently  reflected  when 
the  loudspeaker  is  driven. 

In  contrast  to  this,  as  shown  in  the  equivalent  circuit 
diagram  of  Fig.  3B,  since  a  negative  impedance  driving 
apparatus  disclosed  in  European  Patent  Application 
Publication  No.  0  322  686  cause  an  amplifier  5'  side  (left 
side  of  the  one  dotted  and  one  dashed  line  in  Fig.  3B) 
to  have  a  negative  impedance,  a  special-purpose  am- 
plifier  which  includes  a  negative  impedance  in  its  output 
impedance  must  be  used  as  the  amplifier  5',  and  the 
amplifier  and  the  loudspeaker  must  be  paired,  resulting 
in  poor  versatility  (or  generality). 

In  a  loudspeaker  driving  apparatus  disclosed  in 
Japanese  Patent  Laid-Open  Sho.  No.  58-29295,  as 
shown  in  the  equivalent  circuit  diagram  of  Fig.  3C,  a  neg- 
ative  impedance  (-Rv)  is  connected  in  series  with  a  loud- 
speaker  1  ".  When  the  negative  resistance  is  connected 
in  this  manner,  an  equalizer  circuit  such  as  the  transfer 
function  control  circuit  33  is  required  to  adjust  output 
characteristics  of  the  loudspeaker.  The  equalizer  circuit 

may  be  connected  in  series  with  the  loudspeaker  unit 
2",  as  indicated  by  ZEQ  in  Fig.  3C.  In  this  case,  the  effect 
of  the  negative  resistance  -Rv  is  reduced,  and  the  damp- 
ing  force  of  the  motional  impedance  ZM  of  the  loud- 

5  speaker  unit  2  is  decreased.  Furthermore,  as  shown  in 
Fig.  9,  since  the  negative  resistance  (-Rv)  circuit  is  con- 
stituted  by  a  transistor  class-A  single  amplifier  including 
an  emitter  resistor  as  a  resistance  load,  this  transistor 
equivalently  drives  a  parallel  circuit  of  the  loudspeaker 

10  2  and  the  emitter  resistor.  Therefore,  when  this  emitter 
resistance  is  set  to  be  sufficiently  smaller  than  the  im- 
pedance  of  the  loudspeaker  unit  2,  power  consumption 
of  the  negative  resistance  transistor  is  increased  be- 
yond  a  practical  level.  On  the  other  hand,  when  the  emit- 

15  ter  resistance  is  increased,  since  the  emitter  resistance 
is  connected  in  series  with  the  loudspeaker  unit  2  with 
respect  to  the  amplifier  5,  the  output  from  the  amplifier 
5  is  consumed  and  decreased  by  the  emitter  resistance. 
In  any  case,  the  negative  resistance  circuit  disclosed  in 

20  Japanese  Patent  Appln.  Laid-Open  Gasette  No.  Sho 
58-29295  is  not  practical  in  terms  of  cooperation  with  a 
general-purpose  amplifier. 

The  apparatus  of  the  present  invention  has  not  such 
defects  as  those  in  the  conventional  apparatus  dis- 

25  closed  in  Japanese  Pat.  Appln.  Laid-Open  Gazette  No. 
Sho  58-29295  since  the  former  has  an  element  (resis- 
tor)  for  detecting  a  current  flowing  through  the  speaker, 
between  the  loudspeaker  unit  and  the  negative  resist- 
ance  circuit.  In  addition,  the  conventional  apparatus 

30  wherein  an  element  for  detecting  a  current  through  a 
speaker  is  arranged  between  a  power  source  B+  and  a 
negative  resistance  circuit,  cannot  constitute  a  push-pull 
circuit  (since  +  and  -  must  be  taken  into  consideration). 

Fig.  4  shows  the  third  embodiment  of  the  present 
35  invention. 

In  the  acoustic  apparatus  shown  in  Fig.  4,  an  output 
from  the  transfer  control  function  control  circuit  33  is 
shifted  by  a  voltage  across  the  loudspeaker  current  de- 
tection  resistor  Rs,  and  is  amplified  by  the  amplifier  cir- 

40  cuit  31  with  reference  to  a  voltage  at  the  right  terminal 
side  (Fig.  4)  of  the  resistor  Rs. 

Fig.  5  is  a  detailed  circuit  diagram  of  the  acoustic 
apparatus  shown  in  Fig.  4.  In  the  apparatus  shown  in 
Fig.  5,  the  transfer  function  control  circuit  33  is  consti- 

45  tuted  by  only  passive  elements. 
Fig.  6  shows  the  fourth  embodiment  of  the  present 

invention. 
The  acoustic  apparatus  shown  in  Fig.  6  drives  a 

woofer  WF  of  a  two-way  loudspeaker  system  by  a  neg- 
50  ative-impedance  circuit  as  the  characteristic  feature  of 

the  present  invention.  In  Fig.  6,  a  power  supply  7  gen- 
erates  DC  power  supply  voltages  +B-,  and  -B-,  for  the 
power  amplifier  A2  and  DC  power  supply  voltages  +B2 
and  -B2  for  the  current  detection  amplifier  A1,  the  am- 

55  plifier  A3  in  the  transfer  function  circuit  33,  and  a  pro- 
tection  circuit  8  on  the  basis  of  an  AC  power  supply,  e. 
g.,  a  commercial  power  supply  of  100  V.  The  protection 
circuit  8  is  used  to  prevent  destruction  or  degradation  of 
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the  circuits  and  the  loudspeaker  units  caused  by  an 
overload,  transient,  or  abnormal  operation.  The  protec- 
tion  circuit  8  has  a  DC  protection  function  of  turning  off 
a  relay  contact  ry1  when  a  DC  current  exceeding  a  pre- 
determined  value  flows  through  the  loudspeaker  unit,  an 
overcurrent  protection  function  of  turning  off  the  relay 
contact  ry1  when  an  overcurrent  flows  through  the  loud- 
speaker  unit,  a  heat  radiation  plate  temperature  protec- 
tion  function  of  turning  off  the  relay  contact  ry1  when  the 
temperature  of  a  heat  radiation  plate  exceeds  a  prede- 
termined  value,  and  a  power-on  muting  function  of  turn- 
ing  on  the  relay  contact  ry1  after  the  lapse  of  a  prede- 
termined  delay  time  when  a  power  switch  is  turned  on. 
This  apparatus  also  has  protection  means,  e.g.,  for  a 
primary  fuse,  a  temperature  fuse  in  a  transformer,  and 
the  like  (not  shown). 

Fig.  7  is  a  detailed  circuit  diagram  of  the  acoustic 
apparatus  shown  in  Fig.  6.  In  Fig.  7,  an  IC  (STK4040V) 
30  is  a  hybrid  IC  formed  by  integrating  the  amplifiers  A1  , 
A2,  and  A3,  and  some  of  their  peripheral  circuits  shown 
in  Fig.  6.  A  DC  power  supply  7  comprises  a  power  supply 
transformer  71  having  a  central  tap  type  secondary 
winding  voltage,  and  a  full-wave  rectification  circuit  72, 
and  generates  two  DC  voltages  +B1  and  -B1  .  These  volt- 
ages  are  directly  supplied  to  the  amplifier  A2  in  the  IC 
30,  and  are  also  supplied  to  a  circuit  including  the  am- 
plifiers  A1  and  A3,  and  the  like  as  voltages  +B2  and  -B2 
via  a  decoupling  circuit  73.  The  speaker  current  detec- 
tion  resistor  Rs  has  a  resistance  0.2  Q. 

In  the  protection  circuit  8,  a  resistor  R81  and  a  ca- 
pacitor  C81  allow  only  a  DC  voltage  component  of  a  sig- 
nal  appearing  at  the  external  input  terminal  P1  to  pass 
therethrough.  When  this  DC  voltage  is  equal  to  or  higher 
than  +0.6  V,  a  transistor  Q81  is  turned  on,  and  transistors 
Q82  and  Q83  are  turned  off.  Thus,  a  relay  solenoid  RY1 
is  deenergized,  and  the  relay  contact  ry1  is  turned  off. 
When  the  DC  voltage  component  is  equal  to  or  lower 
than  -0.6  V,  a  base  current  of  the  transistor  Q82  is  by- 
passed  through  diodes  D81  and  D82,  and  the  transistors 
Q82  and  Q83  are  turned  off  to  deenergize  the  relay  so- 
lenoid  RY1  .  The  protection  circuit  8  realizes  the  DC  pro- 
tection  function  with  these  operations.  When  an  over- 
current  flows  through  the  loudspeaker  unit  (woofer  WF.) 
2,  an  AC  voltage  across  the  current  detection  resistor 
Rs  is  increased.  This  AC  voltage  is  supplied  to  the  base 
of  the  transistor  Q81  via  the  diode  D83. 
Therefore,  if  voltage  is  equal  to  or  higher  than  +0.6  V, 
the  transistor  Q81  is  turned  on  and  the  transistors  Q82 
and  Q  83  are  turned  off  to  deenergize  the  relay  solenoid 
RY1  ,  as  described  above.  As  a  result,  the  relay  contact 
ry1  is  turned  off.  That  is,  the  overcurrent  protection  func- 
tion  is  realized.  When  the  temperature  of  the  heat  radi- 
ation  plate  is  increased,  the  resistance  of  a  positive 
characteristic  thermistor  PTH  attached  to  the  same  heat 
radiation  plate  (not  shown)  as  that  to  which  the  IC  30  is 
attached  is  increased.  When  the  temperature  of  the  heat 
radiation  plate  exceeds  a  predetermined  value,  a  volt- 
age-divided  value  of  the  resistor  R82  and  the  positive 

characteristic  thermistor  PTH  exceeds  1.2  V.  Thus,  the 
transistor  Q81  is  supplied  with  the  base  current  through 
a  diode  D84,  and  is  turned  on.  The  transistors  Q82  and 
Q83  are  turned  off  to  deenergize  the  relay  solenoid  RY1  , 

5  and  the  relay  contact  ry1  is  turned  off.  That  is,  the  heat 
radiation  plate  temperature  protection  function  can  be 
realized.  When  the  power  switch  9  is  turned  on,  a  ca- 
pacitor  C82  is  charged  through  a  resistor  R83,  and  the 
transistors  Q82  and  Q83  are  kept  off  until  the  terminal 

10  voltage  across  the  capacitor  C82  exceed  0.6  V.  There- 
fore,  during  this  interval,  the  relay  contact  ry1  is  kept  off, 
and  a  signal  to  the  woofer  WF.  and  a  circuit  correspond- 
ing  to  the  amplifier  unit  3  is  cut  off.  That  is,  the  power- 
on  muting  function  can  be  realized. 

is  As  the  protection  means  for  this  apparatus,  a  pri- 
mary  fuse  FS  is  arranged.  In  addition,  a  temperature 
fuse  (not  shown)  is  also  arranged  in  the  power  supply 
transformer  71  . 

Fig.  8  shows  the  fifth  embodiment  of  the  present  in- 
20  vention.  This  acoustic  apparatus  can  perform  the  same 

MFB  (motional  feedback)  driving  as  in  the  acoustic  ap- 
paratus  disclosed  in  European  Patent  Application  Pub- 
lication  No.  0  332  053  by  utilizing  the  general-purpose 
power  amplifier  5.  In  this  apparatus,  a  loudspeaker  unit 

25  2  having  a  vibration  sensor  21  ,  and  an  amplifier  unit  3 
serving  as  an  MFB  driving  apparatus  as  the  character- 
istic  feature  of  the  embodiment  are  arranged  in  a  cabinet 
1  having  a  resonance  duct  port  1  1  .  Furthermore,  this  ap- 
paratus  also  has  a  pair  of  external  input  terminals  P1 

30  and  P2  for  connecting  this  acoustic  apparatus  to  the  out- 
put  terminals  of  the  power  amplifier  5  as  the  general- 
purpose  power  amplifier.  In  this  embodiment,  one  exter- 
nal  input  terminal  P1  is  connected  to  one  input  terminal 
P3  of  the  loudspeaker  unit  2,  and  the  other  input  terminal 

35  PA  of  the  loudspeaker  unit  2  is  connected  to  an  opera- 
tion  reference  potential  point  of  the  amplifier  unit  3.  A 
detection  output  of  a  vibration  state  of  the  loudspeaker 
unit  2  by  the  vibration  sensor  21  is  negatively  fed  back 
to  the  input  of  a  power  amplifier  circuit  31  of  the  amplifier 

40  unit  3,  and  a  signal  supplied  to  the  external  input  termi- 
nal  P1  is  supplied  to  the  input  of  the  power  amplifier  cir- 
cuit  31  via  a  transfer  function  control  circuit  33  having  a 
predetermined  transfer  function. 

The  vibration  sensor  21  detects  a  vibration  state  of 
45  a  diaphragm  22  of  the  loudspeaker  unit  2  by  any  meth- 

od,  and  comprises,  e.g.,  a  velocity  sensor,  a  displace- 
ment  sensor,  acceleration  sensor,  or  the  like.  Note  that 
in  place  of  the  vibration  sensor  21  ,  a  vibration  state  may 
be  detected  using  a  bridge  circuit,  as  described  in  Eu- 

50  ropean  Patent  Application  Publication  No.  0  332  053. 
The  amplifier  unit  3  comprises  the  power  amplifier  circuit 
31,  a  negative  feedback  circuit  32',  and  the  transfer 
function  control  circuit  33.  The  negative  feedback  circuit 
32'  amplifies  the  detection  output  of  the  vibration  sensor 

55  21  or  the  vibration  state  detection  bridge  circuit  with  a 
predetermined  transfer  function  p,  and  inputs  the  ampli- 
fied  output  to  the  inverting  input  terminal  of  the  power 
amplifier  circuit  31  . 

6 
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In  the  acoustic  apparatus  shown  in  Fig.  8,  the  am- 
plifier  unit  3  cooperates  with  the  general-purpose  power 
amplifier  5,  and  the  same  MFB  driving  as  in  the  acoustic 
apparatus  disclosed  in  European  Patent  Application 
Publication  No.  0  332  053  is  performed  as  a  whole.  s 

Claims 

1.  An  acoustic  apparatus  for  driving  a  loudspeaker  unit  10 
(2)  having  two  input  terminals  (P3,  P4)  in  coopera- 
tion  with  an  external  power  amplifier  having  two  out- 
put  terminals  (P1  ,  P2)  which  is  adapted  to  constant- 
voltage-drive  a  loudspeaker,  comprising: 
a  power  amplifier  unit  (3),  for  generating  an  electric  15 
energy  corresponding  to  an  increase  in  energy 
compared  to  the  energy  of  a  constant-voltage-driv- 
ing  state,  comprising  a  power  amplifier  circuit  (31) 
for  receiving  a  signal  from  the  one  output  terminal 
(P1  )  of  said  external  power  amplifier  (5)  via  a  trans-  20 
fer  function  circuit  (33)  and  for  using  the  other  output 
terminal  of  (P2)  of  said  external  power  amplifier  as 
an  operation  reference  potential  point,  amplifying 
the  received  signal  with  a  predetermined  transfer 
function  and  for  driving  one  input  terminal  (P4)  of  25 
said  loudspeaker  unit  (2),  the  apparatus  further 
comprising  a  connection  circuit  for  connecting  the 
one  output  terminal  (P1  )  of  said  external  power  am- 
plifier  to  the  other  input  terminal  (P3)  of  said  loud- 
speaker  unit  (2).  30 

2.  An  apparatus  according  to  claim  1  ,  characterized  in 
that  the  characteristic  improving  driving  operation 
is  a  negative  impedance  driving  operation. 

35 
3.  An  apparatus  according  to  claim  1  ,  characterized  in 

that  the  characteristic  improving  driving  operation 
is  a  motional  feedback  driving  operation. 

4.  An  apparatus  as  claimed  in  any  of  the  preceding  40 
claims,  characterized  by  a  feedback  circuit  (32,  32') 
for  detecting  a  driving  or  operation  state  of  said 
loudspeaker  unit  (2)  and  feeding  back  a  detection 
output  to  an  input  side  of  said  power  amplifier  circuit 
(31).  45 

5.  An  apparatus  according  to  claim  4,  characterized  in 
that  said  feedback  circuit  (32)  detects  a  current 
flowing  through  said  loudspeaker  unit  (2). 

50 
6.  An  apparatus  according  to  claim  4  or  5,  character- 

ized  in  that  said  feedback  circuit  (32)  positively 
feeds  back  the  current  detected  from  said  loud- 
speaker  unit  (2),  and  negative-impedance-drives  in 
cooperation  with  said  power  amplifier  circuit  (31  ).  55 

7.  An  apparatus  according  to  any  of  the  preceding 
claims,  characterized  in  that  said  loudspeaker  unit 

(2)  comprises  a  vibration  body  and  a  means  for  de- 
tecting  a  vibration  state  of  the  vibration  body. 

8.  An  apparatus  according  to  claim  4  or  7,  character- 
ized  in  that  said  feedback  circuit  (32')  detects  a  vi- 
bration  state  of  said  loudspeaker  unit  (2),  negatively 
feeds  back  a  detection  signal,  and  motional-feed- 
back-drives  in  cooperation  with  said  power  amplifier 
circuit  (31). 

9.  An  apparatus  according  to  any  of  the  claims  4,  7  or 
8,  characterized  by  a  negative  feedback  circuit  (32') 
for  negatively  feeding  back  a  detection  output  of  the 
vibration  state  of  the  vibration  body  to  an  input  side 
of  said  power  amplifier  circuit  (31  ). 

10.  An  apparatus  according  to  any  of  the  preceding 
claims,  characterized  by  a  cabinet  (1)  for  storing 
said  loudspeaker  unit  (2),  and  said  power  amplifier 
unit  (3). 

11.  An  apparatus  according  to  claim  10,  characterized 
in  that  said  power  amplifier  unit  (3)  comprises  said 
power  amplifier  circuit  (31),  said  positive  feedback 
circuit  (32),  and/or  said  transfer  function  circuit  (33). 

12.  An  apparatus  according  to  claim  10,  characterized 
in  that  said  cabinet  (1)  has  a  resonator  structure. 

1  3.  An  apparatus  according  to  claims  1  0  or  1  1  ,  charac- 
terized  in  that  said  cabinet  (1  )  has  a  resonance  duct 
port  (11). 

Patentanspriiche 

1.  Akkustikvorrichtung  zum  Treiben  einer  Lautspre- 
chereinheit  (2)  mit  zwei  Eingangsanschlussen  (P3, 
P4),  wobei  ein  Zusammenwirken  mit  einem  exter- 
nen  Leistungsverstarker  mit  zwei  Ausgangsan- 
schlussen  (P1,  P2)  vorgesehen  ist,  welche  fur  ein 
Konstantspannungs-Treiben  eines  Lautsprechers 
ausgelegt  ist  und  folgendes  aufweist: 

eine  Leistungsverstarkereinheit  (3),  urn  eine 
elektrische  Energie  entsprechend  eines  Anstiegs 
der  Energie  im  Vergleich  zu  der  Energie  eines  Kon- 
stantspannungsTreiber-Zustands  zu  erzeugen, 
welche  eine  Leistungsverstarkerschaltung  (31) 
zum  Empfang  eines  Signals  vom  einen  Ausgangs- 
anschluB  (P1)  des  externen  Leistungsverstarkers 
(5)  iiber  eine  Ubertragungsfunktionsschaltung  (33) 
aufweist  und  urn  den  anderen  AusgangsanschluB 
(P2)  des  externen  Leistungsverstarkers  als  ein  Be- 
triebsspannungsbezugspunkt  zu  verwenden,  wo- 
bei  das  empfangene  Signal  mit  einer  vorbestimm- 
ten  Ubertragungsfunktion  verstarkt  wird,  und  urn  ei- 
nen  EingangsanschluB  (P4)  der  Lautsprecherein- 
heit  (2)  zu  treiben,  wobei  die  Vorrichtungferner  eine 
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Verbindungsschaltung  aufweist,  um  den  einen  Aus- 
gangsanschluB  (P1)  des  externen  Leistungsver- 
starkers  mit  dem  anderen  EingangsanschluB  (P3) 
der  Lautsprechereinheit  (2)  zu  verbinden. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da(3  der  die  Charakteristik  verbessernde 
Treiberbetrieb  ein  Treiberbetrieb  mit  negativer  Im- 
pedanz  ist. 

3.  Vorrichtung  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da(3  der  die  Charakteristik  verbessernde 
Treiberbetrieb  ein  Treiberbetrieb  mit  Bewegungs- 
ruckkopplung  ist. 

4.  Vorrichtung  nach  einem  der  vorhergehenden  An- 
spruche,  gekennzeichnet  durch  eine  Ruckkopp- 
lungsschaltung  (32,  32')  zur  Ermittlung  eines  Trei- 
ber-  oder  Betriebszustands  der  Lautsprecherein- 
heit  (2)  und  zur  Ruckkopplung  eines  Detektions- 
ausgangssignals  an  eine  Eingangsseite  der  Lei- 
stungsverstarkerschaltung  (31). 

5.  Vorrichtung  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  da(3  die  Ruckkopplungsschaltung  (32)  ei- 
nen  Strom  ermittelt,  der  durch  die  Lautsprecherein- 
heit  (2)  flieBt. 

6.  Vorrichtung  nach  Anspruch  4  oder  5,  dadurch  ge- 
kennzeichnet,  da(3  die  Ruckkopplungsschaltung 
(32)  den  von  der  Lautsprechereinheit  (2)  ermittelten 
Strom  positiv  ruckkoppelt  und  in  Zusammenwir- 
kung  mit  der  Leistungsverstarkungsschaltung  (31) 
mit  negativer  Impedanz  antreibt. 

7.  Vorrichtung  nach  einem  der  vorhergehenden  An- 
spruche,  dadurch  gekennzeichnet,  dal3  die  Laut- 
sprechereinheit  (2)  einen  Schwingungskorper  und 
Mittel  zur  Ermittlung  eines  Schwingungszustandes 
des  Schwingungskorpers  aufweist. 

8.  Vorrichtung  nach  Anspruch  4  oder  7,  dadurch  ge- 
kennzeichnet,  dal3  die  Ruckkopplungsschaltung 
(32')  einen  Schwingungszustand  der  Lautsprecher- 
einheit  (2)  ermittelt,  ein  Detektionssignal  negativ 
ruckkoppelt  und  in  Zusammenwirkung  mit  der  Lei- 
stungsverstarkerschaltung  (31)  mit  Bewegungs- 
ruckkopplung  antreibt. 

9.  Vorrichtung  nach  einem  der  Anspruche  4,  7  oder  8, 
gekennzeichnet  durch  eine  Negativ-Ruckkopp- 
lungsschaltung  (32')  zur  negativen  Ruckkopplung 
eines  Detektionsausgangssignals  des  Schwin- 
gungszustands  des  Schwingungskorpers  an  eine 
Eingangsseite  der  Leistungsverstarkerschaltung 
(31). 

10.  Vorrichtung  nach  einem  der  vorhergehenden  An- 

spruche,  gekennzeichnet  durch  ein  Gehause  (1) 
zur  Aufnahme  der  Lautsprechereinheit  (2)  und  der 
Leistungsverstarkereinheit  (3). 

5  11.  Vorrichtung  nach  Anspruch  10,  dadurch  gekenn- 
zeichnet,  dal3  die  Leistungsverstarkereinheit  (3)  die 
Leistungsverstarkerschaltung  (31),  die  Positiv- 
Ruckkopplungsschaltung  (32)  und/oder  die  Trans- 
ferfunktionsschaltung  (33)  umfaBt. 

10 
12.  Vorrichtung  nach  Anspruch  10,  dadurch  gekenn- 

zeichnet,  dal3  das  Gehause  (1)  eine  Resonator- 
struktur  aufweist. 

is  13.  Vorrichtung  nach  Anspruch  10oder  11  ,  dadurch  ge- 
kennzeichnet,  dal3  das  Gehause  (1)  eine  Reso- 
nanzkanaloffnung  (11)  aufweist. 

20  Revendications 

1  .  Appareil  acoustique  pour  piloter  un  module  de  haut- 
parleur  (2)  ayant  deux  bornes  d'entree  (P3,  P4)  en 
cooperation  avec  un  amplificateurde  puissance  ex- 

25  terne  ayant  deux  bornes  de  sortie  (P1  ,  P2)  qui  est 
adapte  a  piloter  en  tension  constante  un  haut- 
parleur,  comprenant  : 

un  module  amplificateur  de  puissance  (3) 
pour  produire  une  energie  electrique  correspondant 

30  a  une  augmentation  d'energie  par  rapport  a  I'ener- 
gie  d'un  etat  de  pilotage  a  tension  constante,  com- 
prenant  un  circuit  d'amplificateur  de  puissance  (31  ) 
pour  recevoir  un  signal  a  partir  de  la  premiere  borne 
de  sortie  (P1)  de  I'amplificateurde  puissance  exter- 

35  ne  (5)  par  I'intermediaire  d'un  circuit  a  fonction  de 
transfer!  (33)  et  pour  utiliser  I'autre  borne  de  sortie 
(P2)  de  I'amplificateurde  puissance  externe  en  tant 
que  point  de  potentiel  de  reference  de  fonctionne- 
ment,  amplifier  le  signal  recu  par  une  fonction  de 

40  transfer!  predeterminee,  et  piloter  une  premiere 
borne  d'entree  (P4)  du  module  de  haut-parleur  (2), 
I'appareil  comprenant  en  outre  un  circuit  de  con- 
nexion  pour  connecter  la  premiere  borne  de  sortie 
(P1)  de  I'amplificateur  de  puissance  externe  a 

45  I'autre  borne  d'entree  (P3)  du  module  de  haut- 
parleur  (2). 

2.  Appareil  selon  la  revendication  1  ,  caracterise  en  ce 
que  I'operation  de  pilotage  a  amelioration  de  carac- 

50  teristiques  est  une  operation  de  pilotage  a  impedan- 
ce  negative. 

3.  Appareil  selon  la  revendication  1  ,  caracterise  en  ce 
que  I'operation  de  pilotage  a  amelioration  de  Carac- 

as  teristiques  est  une  operation  de  pilotage  a  reaction 
de  mouvement. 

4.  Appareil  selon  I'une  quelconque  des  revendications 
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precedentes,  caracterise  par  un  circuit  de  reaction, 
(32,  32')  pour  detecter  un  etat  de  pilotage  ou  de 
fonctionnement  du  module  de  haut-parleur  (2)  et 
renvoyer  une  sortie  de  detection  a  un  cote  entree 
du  circuit  d'amplificateur  de  puissance  (31  ).  s 

5.  Appareil  selon  la  revendication  4,  caracterise  en  ce 
que  le  circuit  de  reaction  (32)  detecte  un  courant 
circulant  dans  le  module  de  haut-parleur  (2). 

10 
6.  Appareil  selon  la  revendication  4  ou  5,  caracterise 

en  ce  que  le  circuit  de  reaction  (32)  renvoie  positi- 
vement  le  courant  detecte  a  partir  du  module  de 
haut-parleur  (2)  et  pilote  en  impedance  negative  en 
cooperation  avec  le  circuit  d'amplificateur  de  puis-  15 
sance  (31). 

7.  Appareil  selon  I'une  quelconque  des  revendications 
precedentes,  caracterise  en  ce  que  le  module  de 
haut-parleur  (2)  comprend  un  corps  vibrant  et  un  20 
moyen  pour  detecter  un  etat  de  vibration  du  corps 
vibrant. 

8.  Appareil  selon  la  revendication  4  ou  7,  caracterise 
en  ce  que  le  circuit  de  reaction  (32')  detecte  un  etat  25 
de  vibration  du  module  de  haut-parleur  (2),  renvoie 
negativement  un  signal  de  detection,  et  pilote  a 
reaction  de  mouvement  en  cooperation  avec  le  cir- 
cuit  d'amplificateur  de  puissance  (31  ). 

30 
9.  Appareil  selon  I'une  quelconque  des  revendications 

4,  7  ou  8,  caracterise  par  un  circuit  de  reaction  ne- 
gative  (32')  pour  renvoyer  negativement  une  sortie 
de  detection  de  I'etat  de  vibration  du  corps  vibrant 
vers  un  cote  entree  du  circuit  d'amplificateur  de  35 
puissance  (31). 

10.  Appareil  selon  I'une  quelconque  des  revendications 
precedentes,  caracterise  par  une  enceinte  (1)  pour 
contenir  le  module  de  haut-parleur  (2)  et  le  module  40 
d'amplificateur  de  puissance  (3). 

11.  Appareil  selon  la  revendication  10,  caracterise  en 
ce  que  le  module  d'amplificateur  de  puissance  (3) 
comprend  un  circuit  d'amplificateur  de  puissance  45 
(31  ),  le  circuit  de  reaction  positif  (32)  et/ou  le  circuit 
a  fonction  de  transfert  (33). 

12.  Appareil  selon  la  revendication  10,  caracterise  en 
ce  que  I'enceinte  (1  )  a  une  structure  de  resonateur.  so 

13.  Appareil  selon  la  revendication  10  ou  11,  caracteri- 
se  en  ce  que  I'enceinte  (1)  comporte  un  acces  de 
conduit  de  resonance  (11). 

55 
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