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Description 

Acoustic  Apparatus 

BACKGROUND  OF  THE  INVENTION: 

(Field  of  the  Invention) 

The  present  invention  relates  to  an  acoustic  ap- 
paratus  in  which  a  vibrator  is  arranged  in  a  Helmholtz 
resonator  having  a  resonance  port  comprising  an 
open  duct,  and  is  driven  to  radiate  a  resonant  acoustic 
wave  and,  more  particularly,  to  an  acoustic  apparatus 
in  which  the  vibrator  is  driven  to  cancel  an  air  reaction 
from  the  resonator  side  when  the  Helmholtz  resona- 
tor  is  driven,  thereby  allowing  lower  base  sound  repro- 
duction  using  a  smaller  cabinet. 

(Description  of  the  Prior  Art) 

As  an  acoustic  apparatus  solely  utilizing  a  Helm- 
holtz  resonance,  a  phase-inversion  (bass-reflex) 
speaker  system  is  known.  Figs.  13Aand  13B  are  re- 
spectively  a  perspective  view  and  a  sectional  view 
showing  an  arrangement  of  the  bass-reflex  speaker 
system.  In  the  speaker  system  shown  in  Figs.  13Aand 
1  3B,  a  hole  is  formed  in  the  front  surface  of  a  cabinet 
1,  a  vibrator  (speaker  unit)  4  consisting  of  a  dia- 
phragm  2  and  a  dynamic  speaker  3  is  mounted  in  the 
hole,  and  an  open  duct  port  (resonance  port)  8  having 
a  sound  path  7  whose  opening  6  is  open  to  an  external 
portion  is  formed  therebelow.  In  the  bass-reflex 
speaker  system  according  to  the  conventional  basic 
design,  a  resonance  frequency  (antiresonance  fre- 
quency)  f0P  defined  by  an  air  spring  of  the  cabinet  1 
and  an  air  mass  in  the  sound  path  7  is  set  to  be  lower 
than  a  lowest  resonance  frequency  foc  of  the  vibrator 
4  when  the  vibrator  is  assembled  in  the  bass-reflex 
enclosure,  and  in  some  cases  lowerthan  a  lowest  res- 
onance  frequency  f0  inherent  to  the  vibrator.  At  a  fre- 
quency  higher  than  the  antiresonance  frequency  f0P, 
the  phase  of  sound  pressure  from  the  rear  surface  of 
the  diaphragm  2  is  inverted  at  the  sound  path  7.  Con- 
sequently,  in  front  of  the  cabinet  1  ,  a  sound  directly 
radiated  from  the  front  surface  of  the  diaphragm  2  is 
in  phase  with  a  sound  from  the  opening  6,  and  these 
sounds  are  in-phase  added  to  each  other,  thus  in- 
creasing  the  sound  pressure.  As  a  result  of  the  in-pha- 
se  addition,  the  lowest  resonance  frequency  of  the 
system  is  expanded  to  the  antiresonance  frequency 
f0P  of  the  resonator,  and  according  to  an  optimally  de- 
signed  bass-reflex  speaker  system,  the  frequency 
characteristics  of  the  output  sound  pressure  can  be 
expanded  to  the  resonance  frequencies  foc  and  f0  of 
the  vibrator  4  or  less.  As  indicated  by  an  alternate  long 
and  two  short  dashed  curve  in  Fig.  14,  a  uniform  re- 
production  range  can  be  widened  as  compared  to  an 
infinite  plane  baffle  or  closed  baffle. 

In  the  bass-reflex  speaker  system,  a  frequency  of 
an  antiresonance  (resonance)  is  as  low  as  50  to  1  00 
Hz.  Thus,  a  wavelength  of  a  sound  is  long,  and  an  in- 
terference  due  to  a  difference  in  distance  between 

5  the  front  surface  of  the  diaphragm  2  and  the  opening 
6,  i.e.,  an  interference  between  two  sound  generation 
sources,  is  not  conspicuous.  In  particular,  in  view  of 
the  dimensions  of  a  normal  speaker  cabinet,  the 
speaker  system  can  hardly  have  a  propagation  differ- 

to  ence  (an  odd-number  multiple  of  a  half  wavelength) 
large  enough  to  achieve  opposite  phase  cancellation. 
However,  in  the  conventional  bass-reflex  speaker 
system,  a  phase  relationship  has  a  primary  impor- 
tance  in  principle,  and  in  order  to  accurately  perform 

15  in-phase  addition,  the  two  sound  generation  sources, 
i.e.,  the  diaphragm  2  and  the  opening  6  should  be  ar- 
ranged  parallel  on  a  single  plane,  in  particular,  on  the 
front  surface  of  the  cabinet  facing  to  reproduce  sound 
radiation  direction  at  the  same  level.  If  the  length  of 

20  the  resonance  port  8  is  increased  in  order  to  further 
increase  the  bass  sound  reproduction  range  and  the 
like  and  the  propagation  difference  is  increased,  a 
problem  of  an  interference  is  inevitably  posed. 

In  the  conventional  speaker  system,  a  large  cab- 
25  inet  must  be  basically  used  to  satisfactori  ly  reproduce 

a  bass  sound,  and  no  means  can  eliminate  this  draw- 
back.  Although  the  bass-reflex  speaker  system  can 
reproduce  a  lower  bass  range  than  a  closed  speaker 
system  if  the  cabinet  volume  remains  the  same,  a 

30  large  cabinet  to  some  extent  is  normally  used.  The  an- 
tiresonance  frequency  f0P  is  given  by: 

f0P  =  c(S/£V)1/2/2rc  (1) 
where  c  is  the  sonic  speed,  S  is  the  sectional  area  of 
the  resonance  port  8  (area  of  the  opening  6),  (  is  the 

35  length  of  the  port  8,  and  V  is  the  volume  of  the  cabinet 
1. 

Therefore,  since  the  cabinet  volume  V  is  large 
and  hence  S/f  can  be  large  accordingly,  the  reso- 
nance  port  8  for  realizing  a  low  antiresonance  fre- 

40  quency  f0P  can  be  short.  For  this  reason,  there  is  no 
problem  when  the  diaphragm  2  and  the  opening  6  are 
arranged  parallel  on  the  front  surface  of  the  cabinet 
1  at  the  same  level.  Thus,  the  port  8  has  never  be- 
come  too  long  to  be  assembled  in  the  cabinet.  Forex- 

45  ample,  the  port  length  has  never  exceeded  the  depth 
of  the  cabinet  1. 

A  resonance  frequency  f0P  of  a  Helmholtz's  res- 
onator  constituted  by  the  cabinet  1  and  the  resonance 
port  8  may  be  extremely  decreased  regardless  of  the 

so  basic  concept  of  a  bass-reflex  speaker  system.  In  this 
case,  in  a  drive  method  using  a  conventional  power 
amplifier,  the  Q  value  of  the  speaker  unit  is  increased 
and  the  Q  value  of  the  resonator  is  decreased  due  to 
mutual  dependency  of  the  speaker  unit  and  the  reso- 

55  nator.  Thus,  a  sufficient  bass  sound  resonance  radi- 
ation  power  of  the  resonator  cannot  be  assured.  Such 
a  change  in  Q  value  is  conspicuous  as  the  diameter 
of  the  resonance  port  8  is  decreased  or  as  its  length 

2 
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is  increased  or  when  the  port  8  is  bent  or  the  opening 
portion  at  the  trailing  end  of  the  port  8  approaches  the 
inner  surface  of  the  cabinet  by  a  distance  equal  to  or 
smaller  than  the  innerdiameterof  the  port.  Therefore, 
in  the  conventional  bass-reflex  speaker  system,  it  is 
considered  to  be  impossible  or  very  difficult  to  render 
the  cabinet  compact  and  to  expand  the  bass  sound  re- 
production  range  so  that  the  resonance  port  8  must 
be  lengthened  and  bent  or  project  from  the  front  sur- 
face  of  the  cabinet. 

The  journal  AUDIO,  Vol.  61  ,  No.  8,  August  1977, 
pages  44-48  (HOGE)  discloses  an  acoustic  appara- 
tus  comprising  an  enclosure  or  coupling  volume.  A  vi- 
brator  supported  by  the  enclosure  directly  radiates  an 
acoustic  wave.  Furthermore,  a  resonance  duct  or 
transmission  line  is  provided  which,  together  with  the 
enclosure,  radiates  an  acoustic  wave  by  resonance. 
The  vibrator  is  driven  by  a  vibrator  drive  means  (see 
in  particular  page  46,  Fig.  1,  Type  C  of  this  document). 

The  FR-A-2  332  671  discloses  a  loudspeaker 
without  a  transmission  line.  The  vibrator  of  the  loud- 
speaker  is  driven  by  a  vibrator  drive  means. 

The  present  invention  starts  from  an  acoustic  ap- 
paratus  known  from  the  above  mentioned  article  in 
AUDIO  and  it  is,  therefore,  an  object  of  the  present  in- 
vention  to  provide  a  compact  acoustic  apparatus 
which  can  perform  lower  bass  sound  reproduction, 
and  has  a  large  margin  in  a  sound  source  layout  in 
consideration  of  the  conventional  problems. 

The  mentioned  object  is  achieved  by  an  acoustic 
apparatus  having  the  features  of  claim  1. 

Preferred  embodiments  are  disclosed  in  the  de- 
pendent  claims. 

In  order  to  achieve  a  first  object,  according  to  a 
first  aspect  of  the  present  invention,  an  acoustic  ap- 
paratus  in  which  a  vibrator  is  arranged  in  a  Helmholtz 
resonator  having  a  resonance  port  and  is  driven  to  ra- 
diate  a  resonance  acoustic  wave  is  characterized  in 
that  the  vibrator  is  driven  to  cancel  an  air  reaction 
from  the  resonator  side  when  the  Helmholtz  resona- 
tor  is  driven,  and  the  resonance  port  externally  pro- 
jects  from  the  Helmholtz  resonator. 

In  the  first  aspect  of  the  present  invention  with  the 
above  arrangement,  the  vibrator  is  driven  to  cancel  an 
air  reaction  from  the  resonator  side  when  the  Helm- 
holtz  resonator  is  driven.  That  is,  since  the  vibrator  is 
driven  in  a  sufficiently  damped  state,  i.e.,  in  a  so-cal- 
led  "dead"  state  without  being  influenced  by  the  air  re- 
action  from  the  resonator  side,  i.e.,  the  cabinet  side, 
the  frequency  characteristics  of  the  directly  radiated 
acoustic  wave  are  not  influenced  by  the  volume  of  the 
cabinet.  Therefore,  the  volume  of  the  cabinet  can  be 
reduced  as  long  as  the  cabinet  can  serve  as  a  cavity 
of  the  Helmholtz  resonator  and  a  chamber  of  the  vi- 
brator.  To  drive  the  vibrator  to  cancel  the  air  reaction 
from  the  resonator  side  when  the  Helmholtz  resona- 
tor  is  driven  implies  that  the  diaphragm  of  the  vibrator 
is  an  equivalent  wall  which  cannot  be  driven  by  the 

resonator  side  when  viewed  from  the  resonator. 
Therefore,  the  Q  value  of  the  Helmholtz  resonator  is 
not  influenced  by  the  characteristics  of  the  vibrator, 
and  if  the  resonance  frequency  f0P  is  decreased,  a 

5  sufficiently  high  Q  value  can  be  assured.  The  influ- 
ence  of  an  increase  in  acoustic  resonance  of  the  res- 
onance  port  on  the  Q  value  of  the  resonator  can  be 
eliminated  as  compared  to  the  case  of  mutual  de- 
pendency.  For  this  reason,  according  to  the  first  as- 

10  pect  of  the  present  invention,  the  cabinet  1  and 
hence,  the  entire  system  are  rendered  compact,  and 
a  lower  bass  sound  than  that  from  the  conventional 
bass-reflex  speaker  system  can  be  reproduced. 

In  this  case,  in  order  to  make  the  cabinet  compact 
15  and  to  decrease  the  resonance  frequency  f0P  of  the 

resonator,  S/f  in  equation  (1)  must  be  reduced,  and 
there  is  a  high  possibility  that  the  length  t  of  the  res- 
onance  port  8  becomes  larger  than  that  of  the  cabinet 
main  body.  When  the  resonance  port  is  bent  several 

20  times  and  housed  in  the  cabinet,  an  acoustic  resis- 
tance  is  increased,  and  as  a  result,  the  resonance  Q 
value  is  decreased.  However,  if  the  resonance  port 
projects  from  the  cabinet,  a  decrease  in  resonance  Q 
value  caused  by  bending  can  be  prevented. 

25  According  to  the  first  aspect  of  the  present  inven- 
tion,  the  cabinet  can  be  rendered  compact,  and  a  low- 
er  bass  sound  can  be  reproduced.  For  this  reason,  if 
the  resonance  port  is  lengthened,  the  bass  sound 
range  characteristics  are  less  deteriorated.  More  spe- 

30  cifically,  when  the  resonance  port  projects  from  the 
cabinet,  the  system  can  be  further  rendered  compact. 
Since  the  vibrator  (speaker  unit)  and  the  resonance 
port  independently  radiate  acoustic  waves  of  their 
sharing  ranges,  the  phase  relationship  between  the 

35  two  sound  sources  need  not  be  basically  considered. 
Therefore,  the  relative  positional  relationship  be- 
tween  the  vibrator  and  the  opening  portion  of  the  res- 
onance  port  can  be  arbitrarily  determined. 

Furthermore,  since  the  resonance  port  projects 
40  from  the  cabinet,  the  opening  direction  of  the  reso- 

nance  port  can  be  varied,  and  setting  according  to  a 
user's  favor  can  be  performed  depending  on  a  repro- 
duction  environment. 

In  the  acoustic  apparatus  according  to  the  first 
45  aspect  ofthe  present  invention,  if  the  cabinet  1  isren- 

dered  compact,  a  lower  bass  sound  (resonance 
sound)  having  a  sufficient  level  can  be  generated 
from  the  Helmholtz  resonator.  However,  if  the  reso- 
nance  port  is  elongated  to  achieve  a  setting  capable 

so  of  allowing  both  a  compact  system  and  lower  bass 
sound  reproduction,  an  uncomfortable  turbulent 
sound  is  generated  at  the  opening  portion  ofthe  port, 
and  becomes  noise,  thus  degrading  the  quality  ofthe 
acoustic  apparatus. 

55  When  the  resonance  port  is  elongated,  an  airflow 
velocity  in  the  port  is  extremely  increased,  and  a 
boundary  condition  at  the  opening  portion  is  abruptly 
changed.  Thus,  the  turbulent  orvortexflow  of  air  may 
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be  frequently  generated.  In  some  cases,  the  turbulent 
flow  is  sensed  as  noise. 

The  turbulent  flow  at  the  opening  portion  of  the 
resonance  port  is  also  present  more  or  less  at  the 
opening  portion  ofthe  resonance  port  of  the  conven- 
tional  bass-reflex  speaker  system.  However,  since 
the  velocity  of  the  port  air  flow  in  the  conventional 
bass-reflex  speaker  system  is  not  so  large,  it  does  not 
pose  a  serious  problem.  However,  when  the  vibrator 
is  driven  to  cancel  the  air  reaction  from  the  resonator 
side,  the  air  flow  rate  and  the  turbulent  flow  are  in- 
creased  beyond  those  in  the  conventional  system 
since  the  cabinet  is  rendered  compact,  the  resonance 
port  is  elongated,  and  the  Q  value,  i.e.,  acoustic  radi- 
ation  power  of  the  resonator  is  considerably  in- 
creased.  In  particular,  when  the  resonance  port  ex- 
ternally  projects  from  the  cabinet,  since  the  boundary 
condition  is  largely  changed,  the  turbulent  flow  and 
the  like  are  more  frequently  generated. 

A  second  aspect  of  the  present  invention  is  ach- 
ieved  in  consideration  ofthe  above  problem,  and  has 
as  its  second  object  to  prevent  generation  of  an  un- 
comfortable  turbulent  sound  at  an  opening  portion  of 
a  resonance  port  in  an  acoustic  apparatus  in  which  a 
vibrator  is  arranged  in  a  Helmholtz  resonator  having 
a  resonance  port  and  is  driven  to  radiate  a  resonance 
acoustic  wave. 

In  order  to  solve  the  above-mentioned  problem, 
according  to  the  second  aspect  ofthe  present  inven- 
tion,  the  opening  portion  ofthe  resonance  port  of  the 
Helmhotz  resonator  comprises  a  boundary  condition 
change  buffer  means. 

The  acoustic  apparatus  according  to  the  second 
aspect  of  the  present  invention  comprises  the  bound- 
ary  condition  change  buffer  means.  Thus,  even  if  an 
air  flow  velocity  in  the  resonance  port  is  high,  a 
change  in  boundary  condition  is  moderated,  and  the 
turbulent  flow  is  not  easily  generated. 

Therefore,  according  to  the  second  aspect  ofthe 
present  invention,  noise  such  as  a  turbulent  sound 
can  be  eliminated  or  prevented,  and  quality  of  the 
acoustic  apparatus  can  be  improved. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

Fig.  1  is  a  diagram  showing  an  acoustic  appara- 
tus  according  to  a  first  embodiment  ofthe  present 
invention; 
Fig.  2  is  a  graph  showing  frequency  characteris- 
tics  of  a  sound  pressure  of  an  acoustic  wave  radi- 
ated  from  the  acoustic  apparatus  shown  in  Fig.  1  ; 
Figs.  3  to  8  are  sectional  views  showing  modifi- 
cations  of  a  resonance  port  shown  in  Fig.  1; 
Figs.  9A,  9B,  and  9C  are  views  showing  an 
acoustic  apparatus  according  to  a  second  em- 
bodiment  of  the  present  invention; 
Figs.  10A  and  10B  are  views  for  explaining 
changes  in  boundary  condition  in  the  acoustic 

apparatuses  shown  in  Figs.  9  and  1  ,  respectively; 
Figs.  11  Ato  12B  are  views  showing  modifications 
ofthe  second  embodiment; 
Figs.  13Aand  13B  are  respectively  a  perspective 

5  view  and  a  sectional  view  showing  an  arrange- 
ment  of  a  conventional  bass-reflex  speaker  sys- 
tem;  and 
Fig.  14  is  a  graph  for  explaining  sound  pressure 
characteristics  of  the  speaker  system  shown  in 

w  Figs.  13A  and  13B. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS: 

15  Preferred  embodiments  ofthe  present  invention 
will  now  be  described  with  reference  to  Figs.  1  to  12B. 
The  same  reference  numerals  denote  common  or  cor- 
responding  parts  in  the  prior  art  shown  in  Figs.  13A 
and  13B. 

20 
(First  Embodiment) 

Fig.  1  shows  an  arrangement  of  an  acoustic  ap- 
paratus  according  to  a  first  embodiment  of  the  pres- 

25  ent  invention.  In  the  acoustic  apparatus  (speaker  sys- 
tem)  shown  in  Fig.  1  ,  a  hole  is  formed  in  the  front  sur- 
face  of  a  cabinet  1  ,  and  a  vibrator4  consisting  of  a  dia- 
phragm  2  and  a  dynamic  electro-acoustic  converter 
(speaker)  3  is  mounted  in  the  hole.  A  resonance  port 

30  8  which  projects  from  the  cabinet  1  and  has  a  sound 
path  7  whose  opening  6  is  open  to  an  external  portion 
is  arranged  on  the  upper  portion  ofthe  cabinet  1  .  The 
resonance  port  8  and  the  cabinet  1  form  a  Helmholtz 
resonator.  In  this  Helmholtz  resonator,  an  air  reso- 

35  nance  phenomenon  is  caused  by  an  air  spring  of  the 
cabinet  1  as  a  closed  cavity  and  an  air  mass  in  the 
sound  path  7  ofthe  resonance  port  8.  The  resonance 
frequency  f0P  is  given  by  the  above-mentioned  equa- 
tion  (1). 

40  In  the  acoustic  apparatus  of  this  embodiment,  the 
converter  3  is  connected  to  a  vibrator  driver  30.  The 
vibrator  driver  30  comprises  a  servo  unit  31  for  per- 
forming  an  electrical  servo  so  as  to  cancel  an  air  reac- 
tion  from  the  resonator  when  the  Helmholtz  resonator 

45  constituted  by  the  cabinet  1  and  the  resonance  port  8  is 
driven.  As  the  servo  system,  a  known  circuit,  such  as  a 
negative  impedance  generator  for  equivalently  generat- 
ing  a  negative  impedance  component  (-Zq)  in  an  output 
impedance,  a  motional  feedback  (MFB)  circuit  for  de- 

50  tecting  a  motional  signal  corresponding  to  the  behavior 
of  the  diaphragm  2  and  negatively  feeding  back  to  the 
input  side  by  a  proper  means,  or  the  like  may  be  em- 
ployed. 

The  operation  ofthe  acoustic  apparatus  shown  in 
55  Fig.  1  will  be  described  below. 

When  a  drive  signal  is  supplied  from  the  dia- 
phragm  driver  30  to  the  vibrator  4,  the  converter  3 
electro-mechanically  converts  the  drive  signal  to  re- 

4 
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ciprocate  the  diaphragm  2  in  the  back-and-forth  direc- 
tion  (right-and-left  direction  in  Fig.  1).  The  diaphragm 
2  mechano-acoustically  converts  the  reciprocal 
movement.  The  front  surface  side  (right  surface  side 
in  Fig.  1)  ofthe  diaphragm  2  constitutes  a  direct  radi-  5 
ation  portion  for  directly  externally  radiating  an 
acoustic  wave,  and  the  rear  surface  side  (left  surface 
side  in  Fig.  1)  ofthe  diaphragm  2  constitutes  a  reso- 
nator  driving  portion  for  driving  the  Helmholtz  resona- 
tor  constituted  by  the  cabinet  1  and  the  resonance  10 
port  8.  Although  an  air  reaction  from  the  air  in  the  cab- 
inet  1  acts  on  the  rear  surface  side  of  the  diaphragm 
2,  the  vibrator  driver  30  drives  the  vibrator  4  to  cancel 
the  air  reaction. 

In  this  manner,  since  the  vibrator  4  is  driven  to  15 
cancel  the  air  reaction  from  the  resonator  when  the 
Helmholtz  resonator  is  driven,  the  diaphragm  2  can- 
not  be  driven  from  the  side  of  the  resonator,  and 
serves  as  a  rigid  body,  i.e.,  a  wall.  Therefore,  the  res- 
onance  frequency  and  the  Q  value  of  the  Helmholtz  20 
resonator  are  independent  from  those  of  the  vibrator 
4  as  the  direct  radiation  portion,  and  the  resonator 
drive  energy  from  the  vibrator  4  is  given  independent- 
ly  of  the  direct  radiation  portion.  Since  the  vibrator  4 
is  driven  in  a  so-called  "dead"  state  wherein  it  is  not  25 
influenced  by  the  air  reaction  from  the  resonator,  i.e., 
the  cabinet  1,  the  frequency  characteristics  of  a  di- 
rectly  radiated  acoustic  wave  are  not  influenced  by 
the  volume  of  the  cabinet  1.  Therefore,  according  to 
the  arrangement  of  this  embodiment,  the  volume  of  30 
the  cabinet  1  as  the  cavity  ofthe  Helmholtz  resonator 
can  be  reduced  as  compared  to  a  conventional  bass- 
reflex  speaker  system.  In  this  case,  if  the  resonance 
frequency  f0P  is  set  to  be  lower  than  that  of  the  con- 
ventional  bass-reflex  speaker  system,  a  sufficiently  35 
high  Q  value  can  be  set.  As  a  result,  in  the  acoustic 
apparatus  shown  in  Fig.  1,  if  the  cabinet  1  is  reduced 
in  size  as  compared  to  the  bass-reflex  speaker  sys- 
tem,  reproduction  of  lower  bass  sounds  can  be  per- 
formed.  40 

In  Fig.  1,  the  converter  3  drives  the  diaphragm  2 
in  response  to  the  drive  signal  from  the  vibrator  driver 
30,  and  independently  supplies  drive  energy  to  the 
Helmholtz  resonator  constituted  by  the  cabinet  1  and 
the  resonance  port  8.  Thus,  an  acoustic  wave  is  di-  45 
rectly  radiated  from  the  diaphragm  2  as  indicated  by 
an  arrow  a  in  Fig.  1  .  At  the  same  time,  air  in  the  cab- 
inet  1  is  resonated,  and  an  acoustic  wave  having  a 
sufficient  sound  pressure  can  be  resonantly  radiated 
from  the  resonance  radiating  portion  (opening  6)  as  50 
indicated  by  an  arrow  b  in  Fig.  1.  By  adjusting  an  air 
equivalent  mass  in  the  sound  path  7  ofthe  resonance 
port  8  in  the  Helmholtz  resonator,  the  resonance  fre- 
quency  f0P  is  set  to  be  lower  than  a  reproduction  fre- 
quency  range  of  the  converter  3,  and  by  adjusting  an  55 
equivalent  resistance  of  the  sound  path  7  to  set  the 
Q  value  to  be  an  optimal  level,  a  sound  pressure  of  a 
proper  level  can  be  obtained  from  the  opening  6.  Un- 

der  these  conditions,  the  frequency  characteristics  of 
a  sound  pressure  shown  in,  e.g.,  Fig.  2  can  be  ob- 
tained. 

The  Helmholtz  resonator  is  present  as  a  virtual 
woofer  which  performs  acoustic  radiation  quite  inde- 
pendently  ofthe  vibrator  4.  Although  the  virtual  woo- 
fer  is  realized  by  a  small  diameter  corresponding  to 
the  port  diameter,  it  corresponds  to  one  having  a  con- 
siderably  large  diameter.  In  addition,  its  diaphragm  is 
constituted  by  air,  and  the  virtual  speaker  is  an  ideal 
speaker  free  from  an  amplitude  distortion. 

As  can  be  seen  from  equation  (1),  the  resonance 
frequency  f0P  of  the  Helmholtz  resonator  can  be  set 
by  appropriately  selecting  a  ratio  ofthe  sectional  area 
S  of  the  sound  path  7  to  the  length  (  with  respect  to 
an  arbitrary  volume  V  of  the  cabinet  1  .  Therefore,  if 
the  length  ofthe  resonance  port  8  is  determined  while 
the  ratio  is  constant,  the  opening  portion  6  can  be  set 
at  a  desired  position. 

(Modifications) 

Figs.  3  to  8  show  modifications  ofthe  resonance 
port  shown  in  Fig.  1  . 

Fig.  3  shows  a  modification  wherein  the  length  of 
the  resonance  port  8  is  larger  than  the  depth  of  the 
cabinet  1  in  a  conventional  bass-reflex  speaker  sys- 
tem.  In  this  case,  the  trailing  end  portion  ofthe  reso- 
nance  port  8  is  separated  from  the  inner  surface  of 
the  cabinet  1  by  at  least  a  distance  corresponding  to 
the  inner  diameter  of  the  resonance  port  8,  and  a  por- 
tion  ofthe  resonance  port  8,  which  cannot  be  housed 
in  the  cabinet  1,  externally  projects  from  the  cabinet 
1. 

Fig.  4  shows  a  modification  wherein  the  reso- 
nance  port  8  projects  from  the  rearsurface  ofthe  cab- 
inet  1,  while  the  resonance  port  8  projects  from  the 
front  surface  ofthe  cabinet  1  in  the  system  shown  in 
Fig.  3. 

Fig.  5  shows  a  modification  wherein  the  reso- 
nance  port  8  is  open  to  a  chamber  separated  from  a 
chamber  in  which  the  cabinet  1  and  the  vibrator  4  are 
arranged. 

Fig.  6  shows  a  modification  wherein  the  reso- 
nance  port  8  in  the  system  shown  in  Fig.  8  is  bent  in 
an  L  shape. 

Fig.  7  shows  a  modification  wherein  the  L-shap- 
ed  resonance  port  8  shown  in  Fig.  6  is  arranged  to  be 
pivotal  about  a  mounting  portion  8a  mounted  to  the 
cabinet  1. 

Fig.  8  shows  a  modification  wherein  the  reso- 
nance  port  comprises  a  flexible  port  whose  central 
portion  8b  is  formed  of  a  flexible  tube. 

According  to  the  arrangements  shown  in  Figs.  7 
and  8,  the  opening  portion  of  the  resonance  port  8, 
i.e.,  the  virtual  woofer,  can  be  set  at  a  desired  position 
and  in  a  desired  direction  depending  on  a  reproduc- 
tion  environment. 

5 
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(Second  Embodiment) 

Fig.  9Ashowsa  basic  arrangement  of  an  acoustic 
apparatus  according  to  a  second  embodiment  of  the 
present  invention.  In  the  acoustic  apparatus  shown  in 
Fig.  9A,  a  felt  annular  member  9  is  attached  to  an  out- 
er  opening  portion  (air  opening  portion)  of  the  reso- 
nance  port  8,  and  a  felt  annular  member  9'  is  attached 
to  an  inner  opening  portion  (opening  portion  opposing 
the  inner  surface  of  the  cabinet)  in  addition  to  the  ar- 
rangement  ofthe  acoustic  apparatus  shown  in  Fig.  1  , 
so  that  changes  in  boundary  condition  near  the  two 
end  opening  portions  of  the  resonance  port  8  are 
moderated.  Figs.  9B  and  9C  are  perspective  views  of 
the  annular  members  9  and  9',  respectively. 

In  the  acoustic  apparatus  shown  in  Fig.  9A,  since 
a  sufficient  lower  bass  sound  can  be  radiated  from 
the  opening  6  ofthe  resonance  port  8,  a  considerably 
high  speed  air  flow  for  supplying  this  acoustic  energy 
is  generated  in  the  resonance  port  8.  In  the  apparatus 
shown  in  Fig.  1  which  has  no  felt  annular  members  9 
and  9',  when  the  air  flow  passing  through  the  reso- 
nance  port  8  is  exhausted  outside  the  port,  a  condi- 
tion  before  and  after  the  opening  6  portion  as  a 
boundary  is  immediately  changed,  as  shown  in  Fig. 
1  0B.  Thus,  a  turbulent  flow  and  vortex  flow  are  gen- 
erated,  and  are  sensed  as  noise  in  some  cases,  thus 
degrading  the  quality  of  the  acoustic  apparatus.  How- 
ever,  in  the  second  embodiment,  the  felt  annular 
members  9  and  9'  are  arranged  at  the  inner  and  outer 
boundary  portions  ofthe  resonance  port  8,  a  change 
in  condition  at  the  boundary  portion  can  be  moderat- 
ed  by  air  permeability  and  an  acoustic  resistance  of 
the  felt,  as  shown  in  Fig.  10A,  thus  preventing  noise 
caused  by  the  turbulent  sound  and  the  like. 

The  annular  members  9  and  9'  are  fitted  on  the 
outer  surface  side  ofthe  resonance  port  8  in  Figs.  9, 
10A,  and  the  like,  but  may  be  fitted  on  the  inner  sur- 
face  side  of  the  resonance  port  8. 

Figs.  11A,  11  B,  and  11C  and  Figs.  12Aand  12B 
show  modifications  of  a  boundary  condition  change 
buffer  means  corresponding  to  the  annular  members 
9  and  9'  shown  in  Fig.  9. 

In  the  boundary  condition  change  buffer  means 
shown  in  Figs.  11A,  11B,  and  11C,  the  shape  of  each 
distal  end  ofthe  resonance  port  8  is  modified  to  mod- 
erate  a  change  in  boundary  condition.  In  this  modifi- 
cation,  the  opening  portion  is  formed  in  a  side  surface 
so  as  not  to  influence  the  acoustically  equivalent 
opening  area  S,  and  the  sectional  area  of  the  reso- 
nance  port  8  is  gradually  increased  toward  this  open- 
ing  portion.  Fig.  11  A  is  a  sectional  view  showing  the 
entire  structure,  Fig.  11  B  shows  an  enlarged  section- 
al  view  of  the  opening  portion  of  the  resonance  port, 
and  Fig.  11C  is  a  sectional  view  of  Fig.  11B. 

Figs.  12Aand  12B  show  a  modification  wherein 
the  resonance  port  8  is  embedded  in  the  cabinet  1  like 
in  the  conventional  bass-reflex  system.  In  this  modi- 

fication,  the  two  end  opening  portions  of  the  reso- 
nance  port  8  are  tapered  to  form  tapered  portions  10 
and  1  0',  and  the  felt  annular  members  9  and  9'  are  fit- 
ted  on  the  inner  surface  of  the  tapered  portions  10 

5  and  10'.  Thus,  using  the  annular  members  9  and  9', 
an  apparent  sectional  area  ofthe  resonance  port  8  is 
entirely  made  constant,  and  changes  in  boundary 
condition  at  the  opening  portions  can  be  moderated. 
Fig.  12A  is  a  sectional  view  showing  the  entire  sys- 

10  tern,  and  Fig.  12B  is  an  enlarged  sectional  view  of  the 
opening  portion  of  the  resonance  port. 

Regarding  the  material  ofthe  annular  members  9 
and  9',  materials  having  air  permeability  and  an 
acoustic  resistance,  such  as  sponge,  unwoven  fabric, 

15  fabric,  and  the  like  may  be  used  in  place  of  felt.  In  the 
following  description,  felt,  sponge,  unwoven  fabric, 
fabric  and  the  like  are  called  felt  and  the  like.  Note  that 
when  unwoven  fabric  or  fabric  is  used  as  the  felt  and 
the  like,  these  materials  need  not  be  formed  intoacyl- 

20  indrical  shape  as  described  above  but  are  formed  into 
a  belt-like  shape,  and  are  wound  in  a  corresponding 
amount  on  the  resonnance  port  8.  The  annular  mem- 
bers  9  and  9'  may  be  formed  of  a  material  having  flex- 
ibility  and  viscoelasticity,  e.g.,  rubber  in  place  ofthe 

25  felt  and  the  like.  Such  a  material  having  flexibility  and 
viscoelasticity  exhibits  a  function  essentially  equiva- 
lent  to  the  air  permeability  of  the  felt  and  the  like.  In 
addition,  the  material  serves  as  a  resistance  for  con- 
suming  energy  when  it  is  flexed  due  to  its  viscoelas- 

30  ticity. 
In  the  above  embodiments  and  modifications, 

the  boundary  condition  change  buffer  means  are  ar- 
ranged  at  two  end  opening  portions  ofthe  resonance 
port  8.  However,  since  the  turbulent  sound  and  the 

35  like  is  offensive  to  ears  at  the  outer  opening  portion 
directly  communicating  with  air,  the  buffer  means 
may  be  arranged  at  only  the  air  opening  portion,  thus 
providing  a  practical  advantage. 

40 
Claims 

1.  An  acoustic  apparatus  comprising: 
an  enclosure  (1)  having  an  internal  cavity  and  a 

45  resonance  duct  (8),  said  parts  together  defining 
a  Helmholtz  resonator,  and  said  resonance  duct 
(8),  together  with  the  enclosure  (1),  radiating  an 
acoustic  wave  by  resonance; 
a  vibrator  (4)  supported  by  the  enclosure  (1)  and 

so  having  a  diaphragm  (2)  including  a  direct  radia- 
tion  portion  for  directly  radiating  an  acoustic 
wave  (a)  and  a  resonator  drive  portion  for  driving 
the  Helmholtz  resonator;  and 
a  vibrator  drive  means  (30)  for  driving  the  vibrator 

55  (4);  the  resonance  duct  (8)  externally  protecting 
from  the  enclosure  (1);  characterized  in  that  the 
vibrator  drive  means  (30)  includes  a  servo  circuit 
(31)  for  varying  drive  of  the  vibrator  (4)  in  accor- 

6 
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dance  with  feedback  from  the  vibrator  (4)  to  sub- 
stantially  cancel  an  air  counteraction  from  the 
resonator. 

2.  An  acoustic  apparatus  according  to  claim  1  ,  char- 
acterized  in  that  said  resonance  duct  (8)  has  a 
longitudinal  axis  and  is  longer  than  an  interior  di- 
mension  ofthe  enclosure  (1)  coincident  with  said 
longitudinal  axis. 

3.  An  acoustic  apparatus  according  to  claim  1  or  2, 
characterized  in  that  said  resonance  duct  (8)  is 
movable  with  respect  to  the  enclosure  (1). 

4.  An  acoustic  apparatus  according  to  one  of  the 
claims  1  to  3,  characterized  in  that  said  servo  cir- 
cuit  (31)  comprises  negative  impedance  generat- 
ing  means  for  equivalently  generating  a  negative 
impedance  component  in  an  output  of  said  vibra- 
tor  drive  means  (30). 

5.  An  acoustic  apparatus  according  to  one  of  the 
claims  1  to  4,  characterized  in  that  said  servo  cir- 
cuit  (31)  comprises  a  motional  feedback  circuit  for 
detecting  a  motional  signal  corresponding  to  the 
behavior  of  the  diaphragm  (2)  and  providing  neg- 
ative  feedback  to  the  vibrator  drive  means  (31). 

6.  An  acoustic  apparatus  according  to  one  of  the 
claims  1  to  5,  characterized  in  that  boundary  con- 
dition  buffer  means  is  arranged  at  an  opening 
portion  (6)  of  said  resonance  duct  (8). 

Patentanspruche 

1.  Akustische  Vorrichtung  die  folgendes  aufweist: 
ein  Gehause  (1)  mit  einem  Innenraum  und  mit  ei- 
ner  Resonanzleitung  bzw.  -rohr  (8),  wobei  die 
Teile  zusammen  einen  Helmholtz-Resonator  de- 
f  inieren,  wobei  das  Resonanzrohr  (8)  zusammen 
mit  dem  Gehause  (1)  eine  akustische  Welle 
durch  Resonanz  abstrahlen; 
einen  Vibrator  (4)  der  durch  das  Gehause  getra- 
gen  wird  und  eine  Membran  (2)  besitzt  mit  einem 
direkten  Abstrahlteil  zum  direkten  Abstrahlen  ei- 
nerakustischen  Welle  (a)  und  mit  einem  Resona- 
tortreiberteil  zum  Treiben  des  Helmholtz- 
Resonators;  und 
Vibratortreibermittel  (30)  zum  Treiben  des  Vibra- 
tors  (4);  wobei  das  Resonanzrohr  (8)  von  dem 
Gehause  (1)  nach  aulien  vorragt,  dadurch  ge- 
kennzeichnet,  dali  die  Vibratortreibermittel  (30) 
eine  Servoschaltung  (31)  aufweisen  zum  Veran- 
dern  des  Betreibens  des  Vibrators  (4)  gemali  ei- 
ner  Ruckkopplung  von  dem  Vibrator  (4)  urn  im 
wesentlichen  eine  Luftgegenwirkung  von  dem 
Resonator  auszuloschen. 

2.  Akustische  Vorrichtung  nach  Anspruch  1,  da- 
durch  gekennzeichnet,  dali  das  Resonanzrohr 
(8)  eine  Langsachse  besitzt  und  dali  es  langer  ist 
wie  die  Innenabmessung  des  Gehauses  (1),  die 

5  mit  der  Langsachse  zusammenfallt. 

3.  Akustische  Vorrichtung  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet,  dali  das  Resonanzrohr 
(8)  bezuglich  des  Gehauses  (1)  beweglich  ist. 

10 
4.  Akustische  Vorrichtung  nach  einem  der  Anspru- 

che  1  bis  3,  dadurch  gekennzeichnet,  dali  die 
Servoschaltung  (31)  Erzeugungsmittel  fur  eine 
negative  Impedanz  aufweist  zum  equivalenten 

15  Erzeugen  einer  negativen  Impedanzkomponente 
an  einem  Ausgang  der  Vibratorantriebsmittel 
(30). 

5.  Akustische  Vorrichtung  nach  einem  der  Anspru- 
20  che  1  bis  4,  dadurch  gekennzeichnet,  dali  die 

Servoschaltung  (31)  eine  Bewegungsruckkopp- 
lungsschaltung  aufweist  zum  detektieren  eines 
Bewegungssignals,  entsprechend  dem  Verhal- 
ten  der  Membran  (2),  und  zum  Vorsehen  negati- 

25  ver  Ruckkoppelung  an  die  Vibratortreibermittel. 

6.  Akustische  Vorrichtung  nach  einem  der  Anspru- 
che  1  bis  5,  dadurch  gekennzeichnet,  dali  Grenz- 
zustands-Puffermittel  an  einem  Offnungsteil  (6) 

30  des  Resonanzrohr  (8)  angeordnet  sind. 

Revendications 

35  1.  Un  appareil  acoustique  comportant  : 
une  enceinte  (1)  ayant  une  cavite  interne  et  un 
conduit  de  resonance  (8),  ces  elements  definis- 
sant  conjointement  un  resonateur  de  Helmholtz, 
et  ledit  conduit  de  resonance  (8),  conjointement 

40  avec  I'enceinte  (1),  rayonnant  une  onde  acousti- 
que  par  resonance  ;  un  vibrateur  (4)  supporte  par 
I'enceinte  (1  )  et  ayant  une  membrane  (2)  compor- 
tant  une  partie  de  radiation  directe  pour  rayonner 
directement  une  onde  acoustique  (a)  et  une  par- 

45  tie  d'actionnement  de  resonateur,  destinee  a  ac- 
tionner  le  resonateur  de  Helmholtz;  et  des 
moyens  (30)  d'actionnement  de  vibrateur  pour 
actionner  le  vibrateur  (4)  ;  le  conduit  de  resonan- 
ce  (8)  s'etendant  vers  I'exterieur  a  partir  de  I'en- 

50  ceinte(1), 
caracterise  en  ce  que  les  moyens  (30) 

d'actionnement  du  vibrateur  comportent  un  cir- 
cuit  (31)  de  servocommande,  destine  a  modifier 
I'actionnement  du  vibrateur  (4)  en  fonction  de  la 

55  retroaction  provenant  de  ce  vibrateur  (4)  af  in  de 
supprimer  essentiellement  une  contre-action 
pneumatique  provenant  du  resonateur. 

7 
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Un  appareil  acoustique  selon  la  revendication  1, 
caracterise  en  ce  que  ledit  conduit  de  resonance 
(8)  presents  un  axe  longitudinal  et  est  plus  long 
qu'une  dimension  interne  de  I'enceinte  (1),  coin- 
cident  avec  ledit  axe  longitudinal. 

Un  appareil  acoustique  selon  la  revendication  1 
ou  2,  caracterise  en  ce  que  le  conduit  de  resonan- 
ce  (8)  est  mobile  par  rapport  a  I'enceinte  (1). 

10 
Un  appareil  acoustique  selon  I'une  quelconque 
des  revendications  1  a  3,  caracterise  en  ce  que 
ledit  circuit  (31)  de  servocommande  comporte 
des  moyens  generateurs  d'impedance  negative 
de  facon  a  produire,  de  facon  equivalents,  une  15 
composante  d'impedance  negative  dans  une 
sortie  desdits  moyens  (30)  d'actionnement  du  vi- 
brateur. 

Un  appareil  acoustique  selon  I'une  quelconque  20 
des  revendications  1  a  4,  caracterise  en  ce  que 
ledit  circuit  (31)  de  servocommande  comporte  un 
circuit  de  retroaction  motionnel,  destine  a  detec- 
ter  un  signal  motionnel  correspondant  au 
comportement  de  la  membrane  (2)  et  a  fournir  25 
une  retroaction  negative  aux  moyens  d'actionne- 
ment  de  vibrateur  (31). 

Un  appareil  acoustique  selon  I'une  quelconque 
des  revendications  1  a  5,  caracterise  en  ce  que  30 
des  moyens  tampons  d'etat-limite  sont  agences 
au  niveau  d'une  partie  ouverte  (6)  dudit  conduit 
de  resonance  (8). 
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