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©  Method  and  apparatus  of  expanding  acoustic  reproduction  range. 

©  An  acoustic  reproduction  range  expanding  ap- 
paratus  includes  a  closed  or  bass-reflex  speaker 
system  which  has  a  low-frequency  drive  speaker  and 
can  reproduce  a  sound  to  a  predetermined  lowest 
frequency.  A  port  portion  adapter  consists  of  a 
mounting  portion  attached  to  an  opening  formed  in  a 
closed  cabinet  or  a  bass-reflex  port  of  a  bass-reflex 
cabinet,  and  a  port  portion.  The  port  portion  con- 
stitutes  a  Helmholtz's  resonator  together  with  the 
cabinet  when  the  port  portion  is  attached  to  the 
cabinet,  and  has  a  port  shape  so  that  a  resonance 
frequency  becomes  lower  than  the  lowest  frequency. 
A  drive  portion  adapter  consists  of  an  amplifier  for 

-̂ 1  driving  the  low-frequency  drive  speaker,  and  elimi- 
rf  nates  or  invalidates  an  internal  impedance  inherent 

to  the  low-frequency  drive  speaker.  The  amplifier 
generates  a  negative  impedance  component  in  an 

(>|  output  impedance. 
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Method  and  Apparatus  of  Expanding  Acoustic  Reproduction  Range 

the  speaker  system,  together  with  a  cabinet,  is 
arranged.  For  a  bass-refiex  speaker  system,  the 
shape  of  its  bass-reflex  port  is  modified,  so  that  a 
Helmholtz's  resonance  frequency  determined  by 

5  the  bass-reflex  port  and  the  cabinet  is  decreased  to 
be  lower  than  a  lowest  reproduction  frequency  in- 
herent  to  the  speaker  system.  A  low-frequency 
drive  speaker  unit  of  the  modified  speaker  system 
is  driven  by  an  amplifier  having  a  negative  imped- 

w  ance  component  for  equivalents  eliminating  or  in- 
validating  an  internal  impedance  inherent  to  the 
speaker  unit  in  an  output  impedance,  and  frequen- 
cy  characteristics  of  an  input  signal  level  of  the 
amplifier  are  appropriately  increased/decreased  as 

rs  needed. 
With  the  above  arrangement,  the  inherent  inter- 

nal  impedance  of  the  low-frequency  drive  speaker 
unit  is  equivalents  eliminated  or  invalidated  by  a 
drive  amplifier  of  the  unit.  When  the  inherent  inter- 

20  nal  impedance  is  invalidated,  the  unit  serves  as  an 
element  which  responds  to  only  a  drive  signal  input 
from  the  drive  amplifier  but  does  not  essentially 
serve  as  a  resonance  system.  For  this  reason,  a 
diaphragm  of  the  unit  is  substantially  not  influenced 

25  by  an  air  reaction  caused  by  an  external  force,  in 
particular,  an  equivalent  stiffness  of  a  cabinet.  The 
diaphragm  serves  as  an  equivalent  wall  when  view- 
ed  from  the  cabinet.  Thus,  the  presence  of  the 
diaphragm  when  viewed  from  the  Helmholtz's  reso- 

30  nator  constituted  by  the  cabinet  and  an  open  port 
or  bass-reflex  port  can  be  invalidated.  Therefore, 
the  Q  value  of  the  Helmholtz's  resonator  does  not 
depend  on  the  impedance  inherent  to  the  speaker 
unit,  and  the  resonance  frequency  can  be  main- 

35  tained  to  be  a  sufficiently  large  value  even  when 
the  Q  value  of  a  resonator  is  considerably  de- 
creased  in  a  conventional  drive  method. 

A  port  is  provided  to  a  closed  speaker  system, 
or  the  shape  of  a  bass-reflex  port  of  the  bass-reflex 

40  speaker  system  is  modified,  so  that  a  resonance 
frequency  of  a  Helmholtz's  resonator  constituted  by 
the  cabinet  and  one  of  these  ports  is  decreased 
and  a  resonance  Q  value  is  maintained  to  be  a 
sufficiently  large  value  so  as  to  assure  sufficient 

45  acoustic  radiation  power.  Therefore,  output  sound 
pressure  characteristics  can  be  expanded  to  the 
bass  sound  side.  Even  if  slight  nonuniformity  oc- 
curs  in  the  output  sound  pressure  characteristics, 
its  level  can  be  suppressed  to  a  practical  range 

so  which  can  be  corrected  by  increasing/decreasing 
frequency  characteristics  of  an  input  signal  level  of 
an  amplifier  for  driving  the  speaker  unit. 

According  to  the  present  invention,  a  sound 
range  of  a  closed  or  bass-reflex  speaker  system 
can  be  expanded  by  a  simple  operation  to  achieve 

BACKGROUND  OF  THE  INVENTION: 

(Field  of  the  Invention) 

The  present  invention  relates  to  a  method  and 
apparatus  which  are  applied  to  a  conventional 
closed  or  bass-reflex  speaker  system  to  expand  its 
reproduction  range,  particularly,  to  the  low  frequen- 
cy  side. 

(Description  of  the  Prior  Art) 

A  conventional  closed  or  bass-reflex  speaker 
system  has  an  inherent  lowest  reproduction  fre- 
quency.  This  frequency  is  uniquely  determined  de- 
pending  on  the  volume  of  a  cabinet  and  char- 
acteristics  (fo,  Qo,  and  the  like)  of  a  speaker  unit 
used,  and  cannot  be  changed,  in  particular,  ex- 
panded. 

For  example,  even  if  a  speaker  unit  itself  is 
replaced  with  one  which  can  reproduce  a  sound  to 
an  extremely  low  frequency,  a  closed  speaker  sys- 
tem  has  a  limitation  determined  by  the  volume  of  a 
cabinet.  As  to  a  bass-reflex  speaker  system,  a 
cabinet  and  a  unit  are  normally  matching-designed 
to  optimize  a  so-called  phase  inversion  effect  of  a 
port.  For  this  reason,  if  only  a  unit  is  replaced,  the 
optimal  matching  state  is  disturbed,  and  a  good 
result  cannot  be  expected. 

A  resonance  frequency  fop  of  a  Helmholtz's 
resonator  constituted  by  a  cabinet  and  a  bass- 
reflex  port  may  be  extremely  decreased  regardless 
of  the  basic  concept  of  a  bass-reflex  speaker  sys- 
tem.  In  this  case,  in  a  drive  method  using  a  con- 
ventional  power  amplifier,  the  Q  value  of  the  speak- 
er  unit  is  increased  and  the  Q  value  of  the  resona- 
tor  is  decreased  due  to  mutual  dependency  of  the 
speaker  unit  and  the  resonator.  Thus,  a  sufficient 
bass  sound  resonance  radiation  power  of  the  reso- 
nator  cannot  be  assured. 

SUMMARY  OF  THE  INVENTION: 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  method  and  apparatus  which  are  applied  to 
a  closed  or  bass-reflex  speaker  system  so  as  to 
easily  expand  a  bass  reproduction  range. 

In  order  to  achieve  the  above  object,  according 
to  the  present  invention,  for  a  closed  speaker  sys- 
tem,  an  open  port  which  constitutes  a  Helmholtz's 
resonator,  a  resonance  frequency  of  which  is  lower 
than  a  lowest  reproduction  frequency  inherent  to 
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tion  limit  of  a  uniform  reproduction  range,  i.e.,  a 
lowest  reproduction  frequency.  The  Q  value  Qoc 
relates  to  a  frequency  characteristic  curve  around 
the  resonance  frequency  fOc-  if  the  Q  value  QOc  is 

5  too  large,  the  characteristic  curve  becomes  too 
sharp  around  fOc.  and  if  it  is  too  small,  the  curve 
becomes  too  moderate.  In  either  case,  the  flatness 
of  the  frequency  characteristics  is  impaired.  The  Q 
value  Qoc  is  normally  set  to  be  about  0.8  to  1  . 

w  Fig.  11  is  a  sectional  view  showing  a  conven- 
tional  phase-inversion  (bass-reflex)  speaker  system 
as  one  of  objects  to  which  the  present  invention  is 
applied.  In  the  speaker  system  shown  in  Fig.  1  1  ,  a 
hole  is  formed  in  the  front  surface  of  a  cabinet  6, 

75  and  a  vibrator  4  constituted  by  a  diaphragm  2  and 
a  dynamic  speaker  3  is  mounted  in  the  hole.  An 
open  duct  port  8  having  a  sound  path  (bass-reflex 
port)  7  is  arranged  below  the  vibrator  4.  The  duct 
port  8  and  the  cabinet  6  form  a  Helmholtz's  reso- 

20  nator.  In  this  Helmholtz's  resonator,  an  air  reso- 
nance  phenomenon  occurs  due  to  an  air  spring  of 
the  cabinet  6  as  a  closed  cavity  and  an  air  mass  in 
the  bass-reflex  port  7  of  the  duct  port  8.  A  reso- 
nance  frequency  f0P  is  given  by: 

25  f0P  =  C(S/lV)ia'2w  ...(3) 
where  c  is  the  sonic  speed,  S  is  the  sectional  area 
of  the  bass-reflex  port  7,  I  is  the  length  of  the 
bass-reflex  port  7,  and  V  is  te  volume  of  the 
cabinet  6. 

30  An  ideal  bass-reflex  speaker  system  is  consid- 
ered  to  have  a  Q  value  of  a  vibrator  (speaker)  of 
qoc  =  -|/v'3  and  a  resonance  frequency  fOp 
=  foc'v'2.  Qoc  and  foc  can  be  approximated  by 
equations  (1)  and  (2).  A  solid  curve  in  Fig.  12 

35  represents  output  sound  pressure  characteristics  of 
an  ideal  bass-reflex  speaker  system  wherein  QOc 
=  0.58  and  fOp  =  0.71  foc.  A  broken  curve  in  Fig. 
12  represents  output  sound  pressure  characteris- 
tics  obtained  when  the  bass-reflex  port  of  this 

40  speaker  system  is  removed  to  constitute  a  closed 
speaker  system. 

Figs.  1A  and  1B  and  Figs.  2A  and  2B  show 
basic  arrangements  of  acoustic  apparatuses 
(speaker  systems)  according  to  an  embodiment  of 

45  the  present  invention.  In  the  speaker  system  shown 
in  Fig.  1A,  an  opening  11  is  formed  in  the  closed 
speaker  system  shown  in  Fig.  10,  so  that  the 
present  invention  can  be  applied.  In  addition,  a  lid 
12  is  attached  to  the  opening  11,  so  that  this 

50  speaker  system  can  be  used  as  a  closed  type.  Fig. 
1B  shows  a  state  wherein  the  present  invention  is 
applied  to  the  speaker  system  shown  in  Fig.  1A. 
The  lid  12  is  detached,  and  a  port  portion  adapter 
20  having  a  port  portion  21  is  inserted  in  the 

55  opening  1  1  ,  and  a  converter  3  is  connected  to  an 
output  of  a  drive  portion  adapter  30  comprising  a 
negative  impedance  portion  31  for  equivalents 
generating  a  negative  impedance  component  (-Zq) 

bass  sound  reproduction  with  a  sufficient  sound 
pressure. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

Figs.  1A  and  1B  and  Figs.  2A  and  2B  are 
sectional  views  showing  basic  arrangements  of 
acoustic  apparatuses  according  to  an  embodiment 
of  the  present  invention; 

Fig.  3  is  an  electrical  equivalent  circuit  dia- 
gram  of  the  acoustic  apparatuses  shown  in  Figs. 
1  A  and  1  B  and  Figs.  2A  and  2B; 

Fig.  4  is  a  graph  showing  frequency  char- 
acteristics  of  sound  pressures  of  acoustic  waves 
radiated  from  the  acoustic  apparatuses  shown  in 
Figs.  1A  and  1B  and  Figs.  2A  and  2B; 

Fig."  5  is  an  equivalent  circuit  diagram  when 
Zv-Zq  =  0  in  Fig.  4; 

Figs.  6  and  7  are  basic  circuit  diagrams  of 
circuits  for  generating  a  negative  impedance; 

Figs.  8  and  9  are  detailed  circuit  diagrams  of 
negative  resistance  drive  adapters; 

Fig.  10  is  a  sectional  view  showing  an  ar- 
rangement  of  a  conventional  closed  speaker  sys- 
tem; 

Fig.  11  is  a  sectional  view  showing  an  ar- 
rangement  of  a  conventional  bass-reflex  speaker 
system;  and 

Fig.  12  is  a  graph  for  explaining  sound  pres- 
sure  characteristics  of  the  speaker  system  shown 
in  Figs.  10  and  11. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT: 

An  embodiment  of  the  present  invention  will 
now  be  described  with  reference  to  the  accom- 
panying  drawings.  In  the  drawings,  the  same  refer- 
ence  numerals  denote  the  common  or  correspond- 
ing  components. 

Fig.  10  is  a  sectional  view  of  a  conventional 
closed  speaker  system  as  one  of  objects  to  which 
the  present  invention  is  applied.  As  shown  in  Fig. 
10,  a  hole  is  formed  in  the  front  surface  of  a 
cabinet  6,  and  a  vibrator  4  constituted  by  a  dia- 
phragm  2  and  a  dynamic  speaker  3  is  mounted  in 
this  hole. 

A  resonance  frequency  foc  of  this  closed 
speaker  system  is  given  by: 
foc  =  fo(i  +  Sc/So)  1/2  -0)  where  So  is  the 
equivalent  stiffness  of  a  vibration  system,  and  Sc  is 
the  equivalent  stiffness  of  the  cabinet  6. 

A  Q  value  Qoc  of  this  speaker  system  is  given 
by: 
Qoc  =  Qo(1  +  Sc/S0)1/2  ...(2)  The  frequency 
foc  serves  as  a  standard  of  a  bass  sound  reproduc- 
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as  a  direct  radiation  portion  for  directly  externally 
radiating  an  acoustic  wave,  and  the  rear  surface 
side  (left  surface  side  in  Figs.  1B  and  2B)  serves 
as  a  resonator  drive  portion  for  driving  the  Helm- 

5  holtz's  resonator  constituted  by  the  cabinet  6  and 
the  port  portion  21  . 

For  this  reason,  as  indicated  by  an  arrow  a  in 
Figs.  1B  and  2B,  an  acoustic  wave  is  directly 
radiated  from  the  diaphragm  2,  and  air  in  the 

10  cabinet  6  is  resonated,  so  that  an  acoustic  wave 
having  a  sufficient  sound  pressure  is  resonantly 
radiated  from  the  resonance  radiation  portion 
(opening  portion  of  the  port  portion  21),  as  in- 
dicated  by  an  arrow  b  in  Figs.  1  B  and  2B.  A  sound 

75  pressure  of  an  optimal  level  is  assumed  to  be 
obtained  from  the  opening  portion  such  that  the 
resonance  frequency  f0P  is  set  to  be  lower  than  the 
Heimholtz's  resonance  frequency  (f0P  =  focv'2)  in 
the  system  shown  in  Fig.  2A  by  adjusting  an  air 

20  equivalent  mass  in  the  port  portion  21  in  the  Heim- 
holtz's  resonator,  and  the  Q  value  is  set  to  be  an 
optimal  level  by  adjusting  an  equivalent  resistance 
of  the  port  portion  21.  Under  these  conditions  and 
by  appropriately  increasing/decreasing  an  input 

25  signal  level,  frequency  characteristics  of  a  sound 
pressure  as  represented  by  a  solid  curve  in  Fig.  4 
can  be  obtained.  In  Fig.  4,  alternate  long  and  two 
short  dashed  curves  represent  frequency  charac- 
teristics  and  impedance  characteristics  of  the  sys- 

30  tern  shown  in  Fig.  1A,  and  broken  curves  represent 
frequency  characteristics  and  impedance  charac- 
teristics  of  the  system  shown  in  Fig.  2A. 

An  operation  when  the  speaker  system  utilizing 
the  Heimholtz's  resonator  is  driven  by  a  negative 

35  impedance  will  be  described  below. 
Fig.  5  shows  an  electrically  equivalent  circuit 

diagram  when  Zv  -  Zo  =  0,  i.e.,  an  internal  imped- 
ance  inherent  to  the  converter  3  is  equivalents 
completely  invalidated.  In  Fig.  5,  coefficients  suf- 

40  fixed  to  values  of  respective  components  are  omit- 
ted. 

The  equivalent  circuit  diagram  reveals  the  fol- 
lowing  facts. 

The  two  ends  of  the  parallel  resonance  circuit 
45  Zi  formed  by  the  equivalent  motional  impedance  of 

the  vibrator  4  are  short-circuited  to  a  zero  imped- 
ance  in  an  AC  manner.  Therefore,  the  parallel 
resonance  circuit  Zi  has  a  Q  value  =  0,  and  can 
no  longer  serve  as  a  resonance  circuit.  More  spe- 

50  cifically,  this  vibrator  4  loses  the  concept  of  a 
lowest  resonance  frequency  which  is  present  in  a 
state  wherein  the  vibrator  4  is  merely  mounted  on 
the  Heimholtz's  resonator.  In  the  following  descrip- 
tion,  the  lowest  resonance  frequency  f0  or  equiv- 

55  alent  of  the  vibrator  4  merely  means  the  essentially 
invalidated  concept.  In  this  manner,  since  the  unit 
vibration  system  (parallel  resonance  circuit)  Zi 
does  not  essentially  serve  as  a  resonance  circuit, 

in  an  output  impedance. 
Fig.  2A  shows  the  same  bass-reflex  speaker 

system  as  that  shown  in  Fig.  11,  and  Fig.  2B 
shows  a  state  wherein  the  present  invention  is 
applied  to  the  speaker  system  shown  in  Fig.  2A.  In 
this  embodiment,  a  port  portion  adapter  20  having 
a  port  portion  21  which  has  a  smaller  diameter  and 
a  larger  length  than  those  of  the  bass-reflex  port  7 
is  inserted  in  the  port  7  to  modify  the  port  shape. 
In  addition,  a  converter  3  is  connected  to  the 
output  of  a  drive  portion  adapter  30  as  in  Figs.  1  B. 

Electrically  equivalent  circuit  diagrams  of  Figs. 
1B  and  2B  are  that  shown  in  Fig.  3.  A  parallel 
resonance  circuit  Zi  is  formed  by  an  equivalent 
motional  impedance  of  a  vibrator  4.  In  this  circuit, 
reference  symbol  r0  denotes  an  equivalent  resis- 
tance  of  a  vibration  system;  So,  an  equivalent  stiff- 
ness  of  the  vibration  system;  and  m0,  an  equivalent 
mass  of  the  vibration  system.  A  series  resonance 
circuit  Z2  is  formed  by  an  equivalent  motional 
impedance  of  a  Heimholtz's  resonator  constituted 
by  the  port  portion  21  and  the  cabinet  6.  In  this 
circuit,  reference  symbol  rc  denotes  an  equivalent 
resistance  of  the  cavity  of  the  resonator;  Sc,  an 
equivalent  stiffness  of  the  cavity;  rP,  an  equivalent 
resistance  of  the  port  portion  21;  and  mP,  an  equiv- 
alent  mass  of  the  port  portion  21.  In  Fig.  3,  refer- 
ence  symbol  A  denotes  a  force  coefficient.  When 
the  vibrator  4  comprises  a  dynamic  direct  radiation 
speaker,  A  =  Bt  where  B  is  the  magnetic  flux 
density  in  a  magnetic  gap  and  I  is  the  total  length 
of  a  voice  coil  conductor.  In  Fig.  3,  reference 
symbol  Z,,  denotes  an  internal  impedance  of  the 
converter  3.  When  the  vibrator  4  comprises  a  dy- 
namic  direct  radiation  speaker,  the  impedance  Zv 
mainly  serves  as  a  resistance  of  the  voice  coil,  and 
includes  a  small  inductance. 

The  operation  of  the  acoustic  apparatuses  hav- 
ing  the  arrangements  shown  in  Figs.  1B  and  2B  will 
be  described  below. 

When  a  drive  signal  is  supplied  from  the  drive 
portion  adapter  30  having  a  negative  impedance 
drive  function  to  the  converter  3  of  the  vibrator  4, 
the  converter  3  eiectro-mechanically  converts  this 
signal  to  reciprocate  the  diaphragm  2  forward  and 
backward  (to  the  left  and  right  in  Figs.  1  B  and  2B). 
The  diaphragm  2  mechano-acoustically  converts 
the  reciprocal  movement.  Since  the  drive  portion 
adapter  30  has  the  negative  impedance  drive  func- 
tion,  the  internal  impedance  inherent  to  the  con- 
verter  3  is  equivalents  decreased  (ideally,  invali- 
dated).  Therefore,  the  converter  3  drives  the  dia- 
phragm  2  while  faithfully  responding  to  the  drive 
signal  input  to  the  drive  portion  adapter  30,  and 
independently  supplies  drive  energy  to  the  Helm- 
holtz's  resonator  constituted  by  the  port  portion  21 
and  the  cabinet  6.  In  this  case,  the  front  surface 
side  fright  surface  side  in  Figs.  1B  and  2B)  serves 
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tion  system.  Although  the  virtual  speaker  is  realized 
by  a  small  diameter  corresponding  to  the  port 
diameter,  it  corresponds  to  one  having  a  consider- 
ably  large  diameter  as  an  actual  speaker  in  view  of 

5  its  bass  sound  reproduction  power. 
The  method  and  apparatus  of  the  present  in- 

vention  described  above  will  be  compared  with  a 
conventional  method  wherein  a  bass-reflex  speaker 
system  shown  in  Fig.  1  1  is  driven  by  a  conven- 

io  tional  power  amplifier.  In  the  conventional  method, 
as  is  well  known,  a  plurality  of  resonance  systems, 
i.e.,  the  unit  vibration  system  Zi  and  the  Helm- 
holtz's  resonance  system  Zz,  are  present,  and  the 
resonance  frequencies  and  the  Q  values  of  the 

is  resonance  systems  closely  depend  on  each  other. 
For  example,  if  the  port  is  elongated  or  its  diameter 
is  reduced  (mP  is  increased)  to  decrease  the  reso- 
nance  frequency  of  the  Helmholtz's  resonance  sys- 
tem  Z2,  the  Q  value  is  increased  in  the  unit  vibra- 

20  tion  system  Z1  and  is  decreased  in  the  Helmholtz's 
'  resonance  system  Z2.  If  the  volume  of  the  cabinet 

is  decreased  (Sc  is  increased),  the  Q  value  and  the 
resonance  frequency  are  increased  in  the  unit  vi- 
bration  system  Z1  and  the  Q  value  is  further  de- 

25  creased  in  the  Helmholtz's  resonance  system  Z2 
even  if  the  resonance  frequency  of  the  Helmholtz's 
resonance  system  Z2  is  kept  constant  by  elongat- 
ing  the  port  or  decreasing  its  diameter.  More  spe- 
cifically,  since  the  output  sound  pressure-frequency 

30  characteristics  of  the  speaker  system  are  closely 
related  to  the  volume  of  the  cabinet  and  the  dimen- 
sions  of  the  port,  a  high-grade  design  technique  is 
required  to  match  them.  Thus,  it  is  generally  con- 
sidered  that  easy  expansion  of  an  acoustic  re- 

35  production  range  is  impossible.  The  relationship 
between  the  resonance  frequency  and  a  resonance 
acoustic  radiation  power  in  the  Helmholtz's  reso- 
nance  system  Z2  is  decreased  at  a  rate  of  12 
dB/oct  with  respect  to  a  decrease  in  frequency. 

40  When  the  resonance  frequency  is  set  to  be  ex- 
tremely  lower  than  that  of  the  basic  concept  of  the 
bass-reflex  speaker  system,  correction  by 
increasing/decreasing  an  input  signal  level  is  very 
difficult  to  achieve. 

45  According  to  the  present  invention,  as  de- 
scribed  above,  since  the  speaker  system  utilizing 
Helmholtz's  resonance  is  driven  by  a  negative  im- 
pedance,  the  characteristics,  dimensions,  and  the 
like  of  the  unit  vibration  system  and  the  Helm- 

50  holtz's  resonance  system  can  be  independently 
set.  In  addition,  even  if  the  resonance  frequency  of 
the  Helmholtz's  resonance  system  is  set  to  be  low, 
the  large  Q  value  and  the  high  bass  sound  re- 
production  power  can  be  maintained,  and  the  reso- 

55  nator  drive  power  of  the  unit  vibration  system  can 
be  increased  (6  dB/oct).  Therefore,  nonuniformity 
of  the  frequency  characteristics  can  be  advanta- 
geously  corrected  by  increasing/decreasing  an  in- 

the  resonance  system  in  this  acoustic  apparatus  is 
only  the  Helmholtz's  resonance  system  (series  res- 
onance  circuit)  Z2. 

Since  the  converter  3  of  the  vibrator  4  does  not 
essentially  serve  as  the  resonance  circuit,  it  linearly 
responds  to  a  drive  signal  input  in  real  time,  and 
faithfully  electro-mechanically  converts  an  electrical 
signal  (drive  signal  Eo),  thus  displacing  the  dia- 
phragm  2.  That  is,  a  perfect  damped  state  (so- 
called  "speaker  dead"  state)  is  achieved.  The  out- 
put  sound  pressure-frequency  characteristics  ar- 
ound  the  lowest  resonance  frequency  f0  or  equiv- 
alent  of  this  speaker  in  this  state  are  6  dB/oct. 
Contrary  to  this,  characteristics  of  a  normal  voltage 
drive  state  are  12  dB/oct. 

The  series  resonance  circuit  Z2  formed  by  the 
equivalent  motional  impedance  of  the  Helmholtz's 
resonator  is  connected  to  the  drive  signal  source 
Eo  at  a  zero  impedance.  Thus,  the  circuit  Z2  no 
longer  has  a  mutual  dependency  with  the  parallel 
resonance  circuit  Zi  .  Thus,  the  parallel  resonance 
circuit  Zi  and  the  series  resonance  circuit  Z2  are 
present  independently  of  each  other.  Therefore,  the 
volume  (1/Sc)  of  the  cabinet  6,  and  the  shape  and 
dimension  (mP)  of  the  port  portion  21  do  not  ad- 
versely  influence  the  direct  radiation  characteristics 
of  the  vibrator  4.  The  resonance  frequency  and  the 
Q  value  of  the  Helmholtz's  resonator  are  not  influ- 
enced  by  the  equivalent  motional  impedance  of  the 
vibrator  4.  More  specifically,  the  characteristic  val- 
ues  of  the  Helmholtz's  resonator  and  the  char- 
acteristic  values  of  the  vibrator  4  can  be  indepen- 
dently  set.  Furthermore,  the  series  resistance  of 
the  series  resonance  circuit  Z2  is  only  rc  +  rPl  and 
these  resistances  are  sufficiently  small  values,  as 
described  above.  Thus,  the  Q  value  of  the  series 
resonance  circuit  Z2,  i.e.,  the  Helmholtz's  resonator 
can  be  set  to  be  sufficiently  high. 

From  another  point  of  view,  since  the  unit  vi- 
bration  system  does  not  essentially  serve  as  a 
resonance  system,  it  is  displaced  according  to  a 
drive  signal  input,  and  is  not  influenced  by  an 
external  force,  in  particular,  an  air  reaction  caused 
by  the  equivalent  stiffness  Sc  of  the  cabinet.  For 
this  reason,  the  diaphragm  2  of  the  vibrator  4 
equivalents  serves  as  a  wall  when  viewed  from  the 
cabinet  side,  and  the  presence  of  the  vibrator  4 
when  viewed  from  the  Helmholtz's  resonator  is 
invalidated.  Therefore,  the  resonance  frequency 
and  the  Q  value  of  the  Helmholtz's  resonator  do 
not  depend  on  the  impedance  inherent  to  the  vibra- 
tor  4.  Even  when  the  resonance  frequency  is  set  to 
be  a  value  so  that  the  Q  value  is  considerably 
decreased  in  a  conventional  drive  method,  the  Q 
value  can  be  maintained  to  be  a  sufficiently  large 
value.  The  Helmholtz's  resonance  system  is 
present  as  a  virtual  speaker  which  performs  acous- 
tic  radiation  quite  independently  of  the  unit  vibra- 
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put  signal  level  like  in  normal  sound  quality  control. 
For  this  reason,  an  acoustic  reproduction  range,  in 
particular,  a  bass  sound  range,  can  be  easily  ex- 
panded  by  modifying  an  existing  speaker  system. 

In  the  above  description,  the  case  of  Zv  -  Zo  = 
0  has  been  exemplified.  However,  the  present  in- 
vention  includes  a  case  of  Zv  -  Zo  >  0  if  -Zo  <  0.  In 
this  case,  the  characteristic  values  and  the  like  of 
the  unit  vibration  system  and  the  Helmholtz's  reso- 
nance  system  become  intermediate  values  be- 
tween  the  case  of  Zv  -  Zo  =  0  and  the  case  of  the 
conventional  constant  voltage  drive  method.  There- 
fore,  by  positively  utilizing  this  nature,  the  Q  value 
of  the  Helmholtz's  resonance  system  can  be  ad- 
justed  by  adjusting  the  negative  impedance  -Zo 
instead  of  adjusting  the  port  diameter  or  inserting  a 
mechanical  Q  damper  such  as  glass  wool  or  felt  in 
the  cabinet. 

Fig.  6  shows  the  basic  arrangement  of  a  nega- 
tive  impedance  generator  for  driving  the  vibrator  by 
a  negative  impedance. 

In  the  circuit  shown  in  Fig.  6,  an  output  from  an 
amplifier  6-  having  a  gain  A  is  supplied  to  a  load 
ZL  of  a  speaker  62.  A  current  IL  flowing  through  the 
load  ZL  is  detected,  and  the  detected  current  is 
positively  fed  back  to  the  amplifier  61  through  a 
feedback  circuit  63  having  a  transmission  gain  0. 
Thus,  the  output  impedance  Zo  of  the  circuit  is 
given  by: 
Zo  -  Zs(1  -  A/3)  ...(4) 
From  equation  (4),  if  A£  >  1  ,  Zo  is  an  open  stable 
type  negative  impedance.  In  equation  (4),  Zs  is  the 
impedance  of  a  sensor  for  detecting  the  current. 

Therefore,  in  the  circuit  shown  in  Fig.  6,  the 
type  of  impedance  Zs  is  appropriately  selected,  so 
that  the  output  impedance  can  include  a  desired 
negative  impedance  component.  For  example, 
when  the  current  IL  is  detected  by  a  voltage  across 
the  two  ends  of  the  impedance  Zs,  if  the  imped- 
ance  Zs  is  a  resistance  Rs,  the  negative  impedance 
component  is  a  negative  resistance  component;  if 
the  impedance  Zs  is  an  inductance  Ls,  the  negative 
impedance  component  is  a  negative  inductance 
component;  and  if  the  impedance  Zs  is  a  capaci- 
tance  Cs,  the  negative  impedance  component  is  a 
negative  capacitance.  An  integrator  is  used  as  the 
feedback  circuit  63,  and  a  voltage  across  the  two 
ends  of  the  inductance  Ls  as  the  impedance  Zs  is 
detected  by  integration,  so  that  the  negative  im- 
pedance  component  can  be  a  negative  resistance 
component.  A  differentiator  is  used  as  the  feedback 
circuit  63,  and  a  voltage  across  the  two  ends  of  the 
capacitance  Cs  as  the  impedance  Ls  is  detected  by 
differentiation,  so  that  the  negative  impedance 
component  can  be  a  negative  resistance  compo- 
nent.  As  the  current  detection  sensor,  a  current 
probe  such  as  a  C.T.  (current  trans)  or  a  Hall 
Element  can  be  used  in  addition  to  these  imped- 

ance  elements  Rs,  Ls,  and  Cs. 
An  embodiment  of  the  above-mentioned  circuit 

is  described  in,  e.g.,  Japanese  Patent  Publication 
No.  Sho  59-51771. 

5  Current  detection  can  be  performed  at  a  nong- 
round  side  of  the  speaker  62.  An  embodiment  of 
such  a  circuit  is  described  in,  e.g.,  Japanese  Patent 
Publication  No.  Sho  54-33704.  Fig.  7  shows  a  BTL 
connection.  This  can  be  easily  applied  to  the  circuit 

10  shown  in  Fig.  6.  In  Fig.  7,  reference  numeral  64. 
denotes  an  inverter. 

Figs.  8  and  9  show  detailed  circuits  of  amplifi- 
ers  which  include  a  negative  resistance  component 
in  an  output  impedance. 

75  The  output  impedance  Zo  in  the  amplifier 
shown  in  Fig.  8  is  given  by: 
Zo  =  Rs(1  -  FVRa) 
=  0.22(1  -  30/1  .6) 
=  -3.9  (Q) 

20  The  output  impedance  Zo  in  the  amplifier  shown  in 
Fig.  9  is  given  by: 
Zo  =  Rs(1  -  Rf/Ry) 
In  this  case,  since  Rf  =  30  kn,  the  output  imped- 
ance  Zo  can  equivalently  include  a  negative  resis- 

25  tance  component  when  Ry  <  30  kft. 

Claims 

30  1.  An  acoustic  reproduction  range  expanding 
apparatus  comprising: 
a  closed  or  bass-reflex  speaker  system  which  has 
a  low-frequency  drive  speaker  and  can  reproduce  a 
sound  to  a  predetermined  lowest  frequency; 

35  port  portion  adapter  means  consisting  of  a  mount- 
ing  portion  attached  to  an  opening  formed  in  a 
closed  cabinet  or  a  bass-reflex  port  of  a  bass-reflex 
cabinet,  and  a  port  portion,  said  port  portion  con- 
stituting  a  Helmholtz's  resonator  together  with  said 

40  cabinet  when  said  port  portion  is  attached  to  said 
cabinet,  and  having  a  port  shape  so  that  a  reso- 
nance  frequency  becomes  lower  than  the  lowest 
frequency;  and 
drive  portion  adapter  means,  consisting  of  an  am- 

45  plifier  for  driving  said  low-frequency  drive  speaker, 
for  eliminating  or  invalidating  an  internal  impedance 
inherent  to  said  low-frequency  drive  speaker,  said 
amplifier  having  means  for  generating  a  negative 
impedance  component  in  an  output  impedance. 

50  2.  An  acoustic  reproduction  range  expanding 
method  for  expanding  a  lowest  reproduction  fre- 
quency  to  a  lower  frequency  side,  comprising  the 
steps  of: 
forming  an  opening  in  a  closed  cabinet  of  a  closed 

55  speaker  system  and  inserting  a  port  forming  mem- 
ber  in  said  opening  or  inserting  a  port  shape  modi- 
fying  member  to  a  bass-reflex  port  of  a  bass-reflex 
cabinet  of  a  bass-reflex  speaker  so  as  to  decrease 
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a  resonance  frequency  of  a  Helmholtz's  resonator, 
determined  by  a  volume  of  said  cabinet  and  an 
open  port  shape  after  said  port  forming  member  or 
said  port  shape  modifying  means  is  inserted,  to  be 
lower  than  a  lowest  reproduction  frequency  of  said  5 
speaker  system; 
driving  a  low-frequency  drive  speaker  unit  of  said 
speaker  system  by  an  amplifier  which  has  a  nega- 
tive  impedance  component  for  equivaiently  elimi- 
nating  or  invalidating  an  internal  impedance  inher-  w 
ent  to  said  low-frequency  drive  speaker  unit  of  said 
speaker  system  in  an  output  impedance;  and 
appropriately  increasing/decreasing  frequency 
characteristics  of  an  input  signal  level  to  said  am- 
plifier.  1S 
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