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(54)  Multi-speaker  appara tus  

(57)  A  multi-speaker  apparatus  (10)  generates  and 
transmits  sound  waves  in  all  directions  toward  and  away 
from  a  surface  upon  which  the  apparatus  is  installed  or 
mounted.  The  multi-speaker  apparatus  includes  a  mid- 
dle/high  frequency  sound  range  speaker  (11)  and  a  low 
frequency  sound  range  speaker  (70).  The  middle/high 
frequency  sound  range  speaker  and  the  low  frequency 
sound  range  speaker  are  arranged  relative  to  each  other 
such  that  center  axes  thereof  are  aligned  with  an  axis 
that  is  substantially  perpendicular  the  surface  upon 
which  the  apparatus  is  installed  or  mounted.  A  horn  (18) 
and  a  cabinet  (72)  are  arranged  such  that  sounds  gen- 
erated  from  the  middle/high  frequency  sound  range 
speaker  and  the  lowfrequency  sound  range  speaker  are 
emitted  in  all  directions  both  toward  and  away  from  the 
surface  upon  which  the  apparatus  is  supported  or 
mounted. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

[0001]  The  present  invention  relates  to  a  multi-speak- 
er  apparatus  and  more  particularly,  to  a  multi-speaker 
apparatus  including  a  plurality  of  speakers  having  dif- 
ferent  sound  frequency  ranges  defining  a  2-way  or 
3-way  speaker  apparatus  including  a  woofer,  a  mid- 
range  speaker  and  a  tweeter,  for  example. 

Description  of  the  Related  Art 

[0002]  In  related  prior  art  multi-speaker  devices,  a  vi- 
brating  body  such  as  a  cone  of  each  speaker  and  an 
opening  provided  in  a  cabinet  for  each  speaker  are  pro- 
vided  at  a  front  side  thereof  so  as  to  face  listeners. 
[0003]  One  prior  art  multi-speaker  device  is  arranged 
such  that  each  speaker  of  the  multi-speaker  device  has 
a  driving  section  such  as  a  voice  coil  which  is  parallel  to 
the  front  side  of  the  speaker  cabinet  in  order  to  align  the 
driving  section  of  each  speaker  with  one  surface  thereof 
to  phase  sounds  generated  from  each  of  the  speakers. 
[0004]  Another  prior  art  multi-speaker  device  has  a 
mid-range  frequency  speaker  and  tweeter  disposed 
aligned  along  a  central  axis  of  a  woofer  and  a  center 
axis  of  each  of  the  mid-range  frequency  speaker,  tweet- 
er  and  woofer  speakers  of  the  multi-speaker  device  is 
parallel  to  the  surface  on  which  the  device  is  installed 
or  supported  in  order  to  unify  the  direction  of  sounds 
generated  and  transmitted  from  each  of  the  speakers. 
[0005]  However,  because  all  of  the  above-mentioned 
pnor  art  multi-speaker  devices  have  a  sound  direction- 
ality  in  a  direction  parallel  to  the  surface  on  which  the 
apparatus  is  installed  or  supported  caused  by  the 
above-described  parallel  axis  relationship,  a  frequency 
range  where  the  best  stereo  sound  is  obtained  has  been 
very  narrow  and  located  at  an  intersection  of  center  axes 
or  sound  axes  of  two  of  the  multi-speaker  devices  which 
arc  spaced  apart  and  define  right  and  left  multi-speaker 
devices  and  are  angled  relative  to  each  other  such  that 
sound  openings  for  the  respective  speakers  contained 
therein  direct  sound  waves  to  provide  an  intersection  of 
the  right  and  left  multi-speaker  devices.  This  direction- 
ality  and  intersection  of  right  and  left  multi-speaker  de- 
vices  produces  lower  volume  and  lower  quality  sound. 

SUMMARY  OF  THE  INVENTION 

[0006]  To  overcome  the  problems  descnbed  above, 
the  preferred  embodiments  of  the  present  invention  pro- 
vide  a  multi-speaker  apparatus  which  is  adapted  and 
constructed  to  be  non-directional  relative  to  a  surface 
on  which  the  apparatus  is  installed  or  supported. 
[0007]  According  to  one  preferred  embodiment  of  the 
present  invention,  a  multi-speaker  apparatus  includes  a 

plurality  of  speakers  which  have  different  sound  fre- 
quency  ranges.  The  plurality  of  speakers  are  arranged 
such  that  center  axes  of  the  speakers  are  aligned  along 
an  axis  which  extends  in  a  direction  substantially  per- 

5  pendicular  to  a  surface  on  which  the  apparatus  is  in- 
stalled  or  supported.  As  a  result,  sounds  generated  from 
the  plurality  of  speakers  of  the  multi-speaker  apparatus 
are  emitted  in  an  entire  azimuth  or  360  degree  range 
relative  to  the  surface  on  which  the  apparatus  is  installed 

10  or  supported. 
[0008]  According  to  another  preferred  embodiment  of 
the  present  invention,  one  of  the  plurality  of  speakers  of 
the  multi-speaker  apparatus  includes  is  a  low  frequency 
range  speaker  unit  provided  within  a  cabinet.  The  cab- 

's  inet  preferably  includes  a  bottom  plate  arranged  sub- 
stantially  parallel  to  a  surface  upon  which  the  multi- 
speaker  apparatus  is  installed  or  supported  while  defin- 
ing  a  space  between  the  surface  on  which  the  multi- 
speaker  apparatus  is  installed  or  supported  and  an  up- 

20  per  plate  of  the  cabinet  which  is  arranged  to  be  substan- 
tially  parallel  to  the  bottom  plate.  A  bass  reflex  port  is 
preferably  provided  at  a  substantially  central  portion  of 
the  upper  plate  and  the  low  frequency  sound  range 
speaker  unit  is  mounted  so  as  to  surround  an  opening 

25  in  the  cabinet  so  that  a  vibrating  body  of  the  low  frequen- 
cy  sound  range  speaker  unit  faces  the  surface  on  which 
the  multi-speaker  apparatus  is  installed  or  supported  via 
the  opening  in  the  cabinet.  As  a  result  of  this  arrange- 
ment,  sound  waves  emanating  from  the  vibrating  body 

30  of  the  low  frequency  sound  range  speaker  unit  are  at 
least  partially  transmitted  in  all  directions  or  a  360  range 
toward  the  surface  on  which  the  multi-speaker  appara- 
tus  is  mounted  or  supported.  Other  sound  waves  ema- 
nating  from  the  vibrating  body  of  the  low  frequency 

35  sound  range  speaker  are  transmitted  via  the  bass  reflex 
port  in  all  directions  or  a  360  degree  range  away  from 
the  surface  on  which  the  multi-speaker  apparatus  is 
mounted  or  supported. 
[0009]  Furthermore,  another  speaker  in  the  inventive 

40  multi-speaker  apparatus  comprises  a  middle  to  high  fre- 
quency  sound  range  speaker  which  is  mounted  on  the 
low  frequency  sound  range  speaker.  The  middle/high 
frequency  sound  range  speaker  including  a  substantial- 
ly  semi-spherical  vibrating  body,  a  driving  device  for  vi- 

45  brating  the  vibrating  body,  and  a  horn  having  a  sound 
path  which  is  folded  and  extends  from  a  curved  inner 
surface  of  the  vibrating  body  toward  an  outside  of  the 
middle/high  frequency  sound  range  speaker.  A  cavity 
which  communicates  with  the  sound  path  is  defined  be- 

so  tween  the  vibrating  body  and  the  horn  and  openings  of 
the  sound  path  are  arranged  such  that  sound  waves  are 
transmitted  from  the  openings  in  all  directions  or  a  360 
degree  range  toward  the  surface  on  which  the  multi- 
speaker  apparatus  is  supported  or  installed  and  sound 

55  waves  emanating  from  the  substantially  semi-spherical 
vibrating  body  are  transmitted  in  all  directions  or  in  a  360 
degree  range  away  from  the  surface  on  which  the  multi- 
speaker  apparatus  is  supported  or  installed. 
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[0010]  In  the  preferred  embodiments  of  the  present 
inattention,  the  center  axes  of  the  plurality  of  speakers 
of  the  multi-speaker  apparatus  are  preferably  aligned 
relative  to  an  axis  which  extends  in  a  direction  that  is 
substantially  perpendicular  to  a  surface  on  which  the  s 
multi-speaker  apparatus  is  installed  or  supported  and 
sounds  generated  from  the  plurality  of  speakers  of  the 
multi-speaker  apparatus  are  emitted  in  all  directions  or 
a  360  degree  range  both  toward  and  away  from  a  sur- 
face  on  which  the  multi-speaker  apparatus  is  installed  10 
or  supported,  so  that  the  sound  generated  from  each 
speaker  is  emitted  in  waves  which  are  substantially  cen- 
tred  relative  to  the  axis  which  extends  in  the  direction 
that  is  substantially  perpendicular  to  the  surface  on 
which  the  multi-speaker  apparatus  is  installed  or  sup-  15 
ported. 
[0011]  Accordingly,  the  multi-speaker  apparatus  ac- 
cording  to  preferred  embodiments  of  the  present  inven- 
tion  is  non-directional  relative  to  a  surface  on  which  the 
multi-speaker  apparatus  is  installed  and  achieves  sig-  20 
nificantly  increased  sound  volume  and  quality  achieved 
by  the  omni-directional  sound  emanation  of  each  of  the 
speakers  contained  in  the  multi-speaker  apparatus. 
[0012]  These  and  other  elements,  features,  and  ad- 
vantages  of  the  present  invention  will  be  apparent  from  25 
the  following  detailed  description  of  preferred  embodi- 
ments  of  the  present  invention,  illustrated  in  the  accom- 
panying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS  30 

[0013] 

FIG.  1  is  a  perspective  view  showing  one  example 
of  a  preferred  embodiment  of  a  multi-speaker  ap-  35 
paratus  according  to  the  present  invention; 
FIG.  2  is  a  partially  sectional  diagrammatic  view  of 
the  multi-speaker  apparatus  shown  in  Fig.  1  ; 
FIG.  3  is  a  perspective  exploded  view  showing  a 
middle/high  frequency  sound  range  speaker  used  40 
in  the  multi-speaker  apparatus  shown  in  Fig.  1  ; 
FIG.  4  is  a  perspective  view  showing  another  exam- 
ple  of  a  multi-speaker  apparatus  of  preferred  em- 
bodiments  of  the  present  invention;  and 
FIG.  5  is  a  partially  sectional  diagrammatic  view  of  45 
the  multi-speaker  apparatus  shown  in  Fig.  4. 

DETAILED  DESCRIPTION  OF  PREFERRED 
EMBODIMENTS 

50 
[0014]  Fig.  1  is  a  perspective  view  showing  one  ex- 
ample  of  a  preferred  embodiment  of  a  multi-speaker  ap- 
paratus  of  the  present  invention,  Fig.  2  is  a  partially  sec- 
tional  diagrammatic  view  thereof  and  Fig.  3  is  a  perspec- 
tive  exploded  view  showing  a  middle/high  frequency  55 
sound  range  speaker  used  therein. 
[0015]  A  multi-speaker  apparatus  10  shown  in  Figs. 
1  and  2  includes  a  middle/high  frequency  sound  range 

speaker  11,  for  example.  The  middle/high  frequency 
sound  range  speaker  11  includes  a  substantially  semi- 
sphencal  vibrator  12. 
[0016]  The  vibrator  12  includes  a  semi-spherical  vi- 
brating  body  1  4  preferably  made  of  a  piezoelectric  body 
such  as  a  ceramic.  Driving  electrodes  1  6a  and  1  6b  are 
provided  on  curved  inner  and  outer  surfaces  of  the  vi- 
brating  body  1  4  for  vibrating  the  vibrating  body  1  4.  The 
vibrating  body  14  is  preferably  polarized  in  a  direction 
of  thickness  thereof,  e.g.  from  an  outer  surface  to  the 
inner  surface. 
[0017]  The  vibrator  12  is  secured  to  a  horn  18  which 
is  preferably  made  of  synthetic  resin,  for  example.  The 
horn  18  comprises  an  upper  base  20.  The  upper  base 
20  has  a  projecting  portion  22  having  a  shape  that  sub- 
stantially  corresponds  to  a  shape  of  the  vibrator  12  and 
flange  portion  24  disposed  around  the  projecting  portion 
22.  The  vibrator  12  is  arranged  so  as  to  cover  the  pro- 
jecting  portion  22  and  is  bonded  on  the  flange  portion 
24  surrounding  the  projection  portion  22  via  a  supporting 
member  26  preferably  made  of  a  ringed  insulator  having 
a  groove.  A  cavity  28  for  allowing  the  vibrator  12  to  vi- 
brate  freely  and  unimpeded  is  provided  between  the  vi- 
brator  1  2  and  the  projecting  portion  22.  The  driving  elec- 
trodes  16a  and  16b  of  the  vibrator  12  are  connected  to 
input  terminals  (not  shown)  provided  on  the  outside  of 
the  vibrator  1  2  via  conductors  such  as  a  conductive  rib- 
bon  connected  to  the  inner  electrode  16a  and  which  is 
interposed  between  the  upper  base  20  and  the  support- 
ing  member  26  and  a  conductive  ribbon  connected  to 
the  outer  electrode  16b  at  the  outside  thereof. 
[0018]  A  hole  30  preferably  having  a  substantially  cir- 
cular  section  is  created  preferably  at  the  approximate 
center  of  the  upper  base  20  so  as  to  communicate  with 
the  cavity  28.  The  hole  30  preferably  has  stepped  por- 
tions  so  that  the  portion  of  the  hole  30  located  near  the 
cavity  28  is  the  narrowest  of  the  stepped  portions.  On 
the  lower  surface  of  the  upper  base  20,  a  ringed  convex 
portion  32  having  a  triangular  section  is  created  so  as 
to  surround  the  hole  30,  a  ringed  flat  portion  34  is  cre- 
ated  so  as  to  surround  the  convex  portion  32,  a  ringed 
convex  portion  36  having  a  triangular  section  is  created 
so  as  to  surround  the  flat  portion  34  and  a  ringed  flat 
portion  38  is  created  on  the  outermost  portion  so  as  to 
surround  the  convex  portion  36. 
[0019]  A  first  cylinder  40  and  a  second  cylinder  42 
having  a  diameter  larger  than  that  of  the  first  cylinder  40 
are  secured  to  the  hole  30  of  the  upper  base  20.  An  inner 
surface  of  one  end  of  the  second  cylinder  42  is  connect- 
ed  to  a  stepped  portion  on  the  outer  surface  of  one  end 
of  the  first  cylinder  40  so  as  to  define  a  stepped  portion 
of  the  hole  30.  The  outer  surface  of  the  first  cylinder  40 
and  the  outer  surface  of  the  one  end  of  the  second  cyl- 
inder  42  are  connected  to  the  inner  surface  of  the  upper 
base  20  so  as  to  define  a  portion  of  the  hole  30.  Further, 
an  inner  surface  of  one  end  of  a  third  cylinder  44  having 
a  diameter  that  is  larger  than  that  of  the  second  cylinder 
42  is  connected  to  a  stepped  portion  on  the  outside  of 
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the  other  end  of  the  second  cylinder  42  to  form  a  stepped 
portion  of  the  hole  30.  A  plurality,  preferably  three,  of 
substantially  V-shaped  notches  46  are  made  preferably 
at  equal  intervals  from  each  other  and  extend  around 
almost  an  entire  circumference  of  the  other  end  of  the 
third  cylinder  44.  Each  notch  46  is  arranged  so  as  to 
gradually  expand  as  it  gets  closer  to  the  end  surface  of 
the  other  end  or  bottom  of  the  third  cylinder  44. 
[0020]  A  fourth  cylinder  48  having  a  diameter  which 
is  larger  than  that  of  the  third  cylinder  44  is  secured  to 
the  flat  portion  34  of  the  upper  base  20.  That  is,  the 
fourth  cylinder  48  is  disposed  around  the  second  cylin- 
der  42  and  the  third  cylinder  44  so  that  one  end  thereof 
extends  downwardly.  Three  substantially  V-shaped 
notches  50  are  preferably  provided  at  substantially 
equal  intervals  from  each  other  and  extend  almost 
around  the  entire  circumference  of  the  other  end  of  the 
fourth  cylinder  48.  Each  notch  50  is  preferably  made  so 
as  to  expand  gradually  as  it  gets  closer  to  the  end  sur- 
face  of  the  other  end  of  the  fourth  cylinder  48.  The  end 
surface  of  the  other  end  of  the  fourth  cylinder  48  is  con- 
nected  to  the  flat  portion  34  of  the  upper  base  20.  The 
three  notches  50  of  the  fourth  cylinder  48  are  preferably 
disposed  at  circumferential  positions  corresponding  to 
circumferential  locations  of  the  three  notches  46  of  the 
third  cylinder  44  when  viewed  in  plane.  It  is  noted  that 
the  notches  50  of  the  fourth  cylinder  48  may  be  disposed 
in  a  zigzag  arrangement  or  at  positions  not  correspond- 
ing  to  those  of  the  notches  46  of  the  third  cylinder  44 
and  may  be  staggered  or  disposed  alternately  with  re- 
spect  to  the  notches  46,  for  example. 
[0021]  Further,  a  fifth  cylinder  52  having  a  diameter 
which  is  larger  than  that  of  the  fourth  cylinder  48  is  con- 
nected  to  the  flat  portion  38  of  the  upper  base  20.  That 
is,  the  fifth  cylinder  52  is  disposed  to  surround  the  fourth 
cylinder  48  so  that  one  end  of  the  fourth  cylinder  48  hav- 
ing  the  apertures  50  faces  upwardly.  Three  substantially 
V-shaped  notches  54  which  define  openings  of  a  sound 
path  of  the  speaker  11  are  preferably  created  at  sub- 
stantially  equal  intervals  from  each  other  and  extend  al- 
most  around  the  whole  circumference  of  the  other  end 
of  the  fifth  cylinder  52.  Each  notch  54  is  created  so  as 
to  expand  gradually  as  it  gets  closer  to  the  end  surface 
of  the  other  end  of  the  fifth  cylinder  52.  The  end  surface 
of  the  other  end  of  the  fifth  cylinder  52  is  connected  to 
the  flat  portion  38  of  the  upper  base  20.  The  three  notch- 
es  54  of  the  fifth  cylinder  52  are  preferably  disposed  at 
positions  corresponding  to  circumferential  locations  of 
the  three  notches  50  of  the  fourth  cylinder  48  when  seen 
in  plane.  The  notches  54  of  the  fifth  cylinder  52  may  be 
disposed  at  positions  not  corresponding  to  those  of  the 
notches  50  of  the  fourth  cylinder  48  when  seen  in  plane 
and  may  be  staggered  or  disposed  alternately  with  re- 
spect  to  the  notches  50,  for  example. 
[0022]  Further,  the  end  surface  of  the  other  end  of  the 
third  cylinder  44  and  the  end  surface  of  one  end  of  the 
fourth  cylinder  48  are  secured  to  a  disk  like  lower  base 
56.  That  is,  a  substantially  conical  convex  portion  58  is 

created  on  the  upper  surface  of  the  lower  base  56  at  an 
approximate  center  thereof,  a  ringed  flat  portion  60  is 
created  so  as  to  surround  the  convex  portion  58,  a 
ringed  convex  portion  62  having  a  substantially  triangu- 

5  lar  section  is  created  so  as  to  surround  the  flat  portion 
60,  and  a  ringed  flat  portion  64  is  created  at  an  outer- 
most  position  so  as  to  surround  the  convex  portion  62. 
The  end  surface  of  the  other  end  of  the  third  cylinder  44 
and  the  end  surface  of  the  one  end  of  the  fourth  cylinder 

10  48  are  connected  to  the  flat  portions  60  and  64  of  the 
lower  base  56,  respectively. 
[0023]  In  the  horn  18,  a  sectional  area  thereof  ex- 
pands  in  a  stepwise  manner  in  order  of  the  inner  part  of 
the  first  cylinder  40  which  communicates  with  the  cavity 

is  28,  the  inner  part  of  the  second  cylinder  42,  the  inner 
part  of  the  third  cylinder  44,  the  notches  46  of  the  third 
cylinder  44,  the  part  created  between  the  third  cylinder 
44  and  the  fourth  cylinder  48,  the  part  created  between 
the  second  cylinder  42  and  the  fourth  cylinder  48,  the 

20  notches  50  of  the  fourth  cylinder  48.  the  part  created 
between  the  fourth  cylinder  48  and  the  fifth  cylinder  52 
and  the  notches  54  of  the  fifth  cylinder  52.  A  long  sound 
path  is  thus  created  by  this  arrangement.  The  sectional 
area  S  of  each  part  which  composes  the  sound  path  of 

25  the  horn  1  8  is  set  so  as  to  have  a  relationship  S  =  STemL, 
where  ST  is  a  sectional  area  at  a  throat  portion  (the  nar- 
rowest  part  where  the  sound  path  begins).  L  is  a  dis- 
tance  from  the  throat  portion  to  the  center  part  of  each 
portion  composing  the  sound  path  and  m  is  a  coefficient 

30  defined  by  a  cut-off  frequency  of  the  horn  1  8.  Accord- 
ingly,  the  sectional  area  of  the  sound  path  changes  sub- 
stantially  logarithmically,  though  stepwise,  with  respect 
to  the  length  of  the  sound  path  in  the  horn  18  similarly 
to  an  exponential  horn. 

35  [0024]  The  cavity  28  and  the  sound  path  are  created 
so  that  sound  emitted  from  the  curved  outer  surface  of 
the  vibrator  12  and  the  sound  waves  emanating  from 
the  curved  inner  surface  of  the  vibrator  12  via  the  cavity 
28  and  the  sound  path  have  almost  the  same  phase  rel- 

40  ative  to  a  plane  of  speaker  support  so  that  those  sound 
waves  do  not  cancel  each  other  out  or  interfere  with 
each  other. 
[0025]  A  plurality  of  plate-like  leg  members  66  act  as 
a  spacer  and  are  preferably  made  of  synthetic  resin,  for 

45  example.  The  leg  members  66  are  preferably  secured 
at  substantially  equal  intervals  from  each  other  at  the 
bottom  of  the  fifth  cylinder  52  and  the  lower  base  56  of 
the  middle/high  frequency  sound  range  speaker  11  . 
[0026]  This  middle/high  frequency  sound  range 

so  speaker  11  is  preferably  mounted  on  a  low  frequency 
sound  range  speaker  70.  The  middle/high  frequency 
sound  range  speaker  11  and  the  low  frequency  sound 
range  speaker  70  are  arranged  so  that  a  center  axis  of 
the  middle/high  frequency  sound  range  speaker  1  1  and 

55  a  center  axis  of  the  low  frequency  sound  range  speaker 
70  are  substantially  aligned  with  an  axis  which  extends 
in  a  direction  that  is  substantially  perpendicular  relative 
to  the  surface  upon  which  the  multi-speaker  apparatus 
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10  is  mounted  or  installed. 
[0027]  The  low  frequency  sound  range  speaker  70  in- 
cludes  a  hollow  columnar  cabinet  72  made  of  synthetic 
resin,  for  example.  The  cabinet  72  has  a  disk-like  bottom 
plate  74  and  an  upper  plate  76  which  are  arranged  to 
be  substantially  parallel  to  each  other.  The  middle/high 
frequency  sound  range  speaker  11  described  above  is 
placed  on  the  upper  plate  76  of  the  cabinet  72. 
[0028]  A  circular  opening  78,  for  example,  is  prefera- 
bly  created  at  an  approximate  center  of  the  bottom  plate 
74  of  the  cabinet  72.  Further,  a  cylindrical  bass  reflex 
port  80  is  preferably  provided  at  the  approximate  center 
of  the  upper  plate  76  of  the  cabinet  72.  A  plurality  of  leg 
members  82  which  act  as  spacers  are  provided  at  sub- 
stantially  equal  intervals  from  each  other  under  the  bot- 
tom  plate  74  of  the  cabinet  72  such  that  the  bottom  plate 
74  is  substantially  parallel  to  the  surface  upon  which  the 
multi-speaker  apparatus  10  is  mounted  or  installed 
while  defining  a  space  between  the  mounting  or  instal- 
lation  surface  and  the  bottom  plate  74. 
[0029]  A  low  frequency  sound  range  speaker  unit  84 
is  provided  within  the  cabinet  72.  The  low  frequency 
sound  range  speaker  unit  84  is  mounted  around  the 
opening  78  at  the  approximate  center  of  the  bottom  plate 
74  of  the  cabinet  72  so  that  a  vibrating  body  such  as  a 
cone  of  the  low  frequency  sound  range  speaker  unit  84 
is  directed,  via  the  opening  72  of  the  cabinet,  toward  and 
faces  the  surface  on  which  the  apparatus  1  0  is  mounted 
or  installed.  The  low  frequency  sound  range  speaker 
unit  84  is  connected  to  the  input  terminal  (not  shown) 
which  is  connected  to  the  electrodes  1  6a  and  1  6b  of  the 
vibrator  12  of  the  middle/high  frequency  sound  range 
speaker  11  described  above  preferably  via  a  lead  wire 
(not  shown)  which  penetrates  through  the  cabinet  72. 
[0030]  In  the  multi-speaker  apparatus  10.  when  elec- 
trical  signals  are  input  to  the  input  terminal,  the  vibrator 
12  of  the  middle/high  frequency  sound  range  speaker 
11  vibrates,  emitting  sound  from  the  curved  outer  sur- 
face  of  the  vibrator  12  as  well  as  from  the  curved  inner 
surface  of  the  vibrator  1  2  via  the  cavity  28  and  the  sound 
path.  Further,  the  low  frequency  sound  range  speaker 
unit  84  of  the  low  frequency  sound  range  speaker  70  is 
driven,  emitting  sound  from  the  opening  78  of  the  cabi- 
net  72  as  well  as  from  the  bass  reflex  port  80  of  the  cab- 
inet  72. 
[0031]  Because  the  vibrator  1  2  and  the  vibrating  body 
1  4  have  a  substantially  semi-spherical  shape,  the  sound 
waves  emitted  from  the  curved  outer  surface  of  the  vi- 
brator  12  of  the  middle/high  frequency  sound  range 
speaker  11  is  radiated  away  from  the  speaker  support 
surface  in  all  directions  relative  to  the  plane  of  speaker 
support  or  installation.  Further,  because  the  notches  54, 
the  openings  of  the  sound  path,  are  disposed  along  al- 
most  the  entire  circumference  of  the  speaker,  the  sound 
waves  radiated  from  the  curved  inner  surface  of  the  vi- 
brator  via  the  cavity  28  and  the  sound  path  are  radiated 
toward  the  speaker  support  surface  in  all  directions  rel- 
ative  to  the  speaker  support  surface.  Thus,  the  sound 

waves  emitted  from  the  speaker  11  are  non-directional 
both  toward  and  away  from  the  speaker  support  surface. 
[0032]  Further,  because  the  bottom  surface  74  of  the 
cabinet  72  is  arranged  to  be  spaced  from  the  speaker 

5  support  surface,  sound  waves  emitted  from  the  opening 
78  in  the  cabinet  72  of  the  low  frequency  sound  range 
speaker  70  are  radiated  toward  the  speaker  support  sur- 
face  in  all  directions  relative  to  the  speaker  support  sur- 
face.  Further,  the  sound  waves  emitted  from  the  lowfre- 

10  quency  sound  range  speaker  70  via  the  bass  reflex  port 
80  of  the  cabinet  72  are  emitted  from  the  space  between 
the  upper  surface  76  of  the  low  frequency  sound  range 
speaker  70  and  the  fifth  cylinder  52  and  the  lower  base 
56  of  the  middle/high  frequency  sound  range  speaker 

is  1  1  are  radiated  away  the  speaker  support  surface  in  all 
directions  relative  to  the  speaker  support  surface.  Thus, 
the  sound  waves  emitted  from  the  low  frequency  sound 
range  speaker  70  are  non-directional  both  toward  and 
away  from  the  speaker  support  surface. 

20  [0033]  Because  the  center  axes  of  the  middle/high 
frequency  sound  range  speaker  11  and  the  low  frequen- 
cy  sound  range  speaker  70,  which  have  different  fre- 
quency  ranges,  are  substantially  aligned  with  an  axis 
which  extends  substantially  perpendicular  to  a  surface 

25  on  which  the  multi-speaker  apparatus  10  is  mounted  or 
installed,  sound  waves  generated  by  the  middle/high 
frequency  sound  range  speaker  11  and  the  low  frequen- 
cy  sound  range  speaker  70  are  examined  in  all  direc- 
tions  or  a  360  degree  range  both  toward  and  away  from 

30  the  surface  on  which  the  apparatus  is  mounted  or  in- 
stalled,  Also,  the  sounds  generated  by  the  middle/high 
frequency  sound  range  speaker  11  and  the  low  frequen- 
cy  sound  range  speaker  70  are  emitted  in  waves  which 
are  substantially  centred  relative  to  the  axis  which  ex- 

35  tends  substantially  perpendicular  to  the  surface  upon 
which  the  apparatus  1  0  is  supported  or  installed.  There- 
fore,  the  multi-speaker  apparatus  1  0  emits  sound  waves 
both  toward  and  away  from  the  apparatus  support  sur- 
face  non-directionally.  Accordingly,  a  range  for  produc- 

40  ing  the  best  stereo  sound  is  substantially  increased  as 
compared  with  the  prior  art  and  is  exceptionally  wide  re- 
gardless  of  a  distance  from  an  arrangement  of  two  of 
the  multi-speaker  apparatuses  1  0  defining  right  and  left 
multi-speaker  apparatuses. 

45  [0034]  Further,  an  initial  phase  difference  between  the 
sound  waves  emitted  from  the  curved  outer  surface  of 
the  vibrator  12  and  the  sound  waves  emitted  from  the 
curved  inner  surface  of  the  vibrator  is  180  degrees. 
However,  those  sound  waves  are  caused  to  have  almost 

so  the  same  phase  relative  to  the  plane  of  speaker  instal- 
lation  or  mounting  via  the  cavity  28  and  the  sound  path 
which  function  and  define  a  phase  shifting  device. 
Therefore,  the  phase  shifting  device  prevents  the  sound 
waves  emitted  from  the  curved  inner  and  outer  surfaces 

55  of  the  vibrator  1  2  from  cancelling  each  other  but  instead 
superimposes  these  sound  waves  so  as  to  produce 
combined  sound  waves  having  high  sound  pressure  in 
all  directions  relative  to  the  plane  of  speaker  installation 
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or  mounting. 
[0035]  Further,  because  the  long  sound  path  having 
a  sectional  area  which  changes  almost  logarithmically, 
though  stepwise  with  respect  to  the  length  thereof  is  cre- 
ated  in  the  horn  18  in  the  multi-speaker  apparatus  10,  it 
is  efficient  in  the  middle  frequency  sound  range. 
[0036]  Moreover,  because  the  sound  path  of  the  horn 
18  is  created  by  the  plurality  of  cylinders  which  are  ar- 
ranged  to  have  spaces  therebetween,  the  multi-speaker 
apparatus  10  has  a  substantially  reduced  size  despite 
having  a  long  sound  path  of  the  horn  1  8  and  the  efficien- 
cy  in  the  middle  frequency  sound  range. 
[0037]  Furthermore,  because  the  notches  46  and  50 
which  define  the  folded  parts  of  the  sound  path  of  the 
horn  18  expand  gradually  as  they  approach  the  outer 
portion  of  the  respective  folded  parts  in  the  middle/high 
frequency  sound  range  speaker  11,  the  flow  of  the 
sound  is  quicker  at  the  portion  where  the  distance  of  the 
sound  path  is  longer,  i.e.,  at  the  outer  portion  of  the  fold- 
ed  part  of  the  sound  path,  and  is  slower  at  the  portion 
where  the  distance  of  the  sound  path  is  short,  i.e.  at  the 
inner  portion  of  the  folded  part.  As  a  result,  the  velocities 
of  the  sound  waves  become  almost  equal  at  the  outer 
portion  and  the  inner  portion  of  the  folded  parts  of  the 
sound  path  and  the  flow  of  sound  is  hardly  disturbed  at 
the  folded  parts  of  the  sound  path.  Thereby,  the  novel 
sound  path  structure  allows  nearly  all  plane  waves  to  be 
obtained  and  sound  having  less  distortion  to  be  ob- 
tained.  In  the  same  manner,  the  flow  of  sound  is  hardly 
disturbed  at  the  notches  54,  i.e.,  at  the  openings  of  the 
sound  path  of  the  horn  18,  generating  the  nearly  plane 
wave  and  sound  having  less  distortion. 
[0038]  The  multi-speaker  apparatus  1  0  may  be  easily 
fabricated  because  the  first  cylinder  40,  the  third  cylinder 
44,  the  fourth  cylinder  48  and  the  fifth  cylinder  52  may 
be  readily  positioned  on  the  upper  base  20  and  the  lower 
base  56. 
[0039]  Fig.  4  is  a  perspective  showing  another  pre- 
ferred  embodiment  of  3  multi-speaker  apparatus  of  the 
present  invention  and  Fig.  5  is  a  partially  sectional  dia- 
grammatic  view  thereof. 
[0040]  As  compared  to  the  multi-speaker  apparatus 
1  0  shown  in  Figs.  I  and  2,  the  cabinet  72  of  the  low  fre- 
quency  sound  range  speaker  70  of  the  preferred  em- 
bodiment  shown  in  Fig.  4  preferably  has  a  hollow  hex- 
agonal  truncated  pyramid  shape.  More  particularly,  the 
cabinet  72  shown  in  Figs.  4  and  5  includes  a  side  mem- 
ber  53  having  the  shape  of  the  hollow  hexagonal  trun- 
cated  pyramid  and  is  preferably  made  of  synthetic  resin, 
for  example.  The  side  member  53  is  provided  instead  of 
the  fifth  cylinder  52  shown  in  Fig.  3.  The  leg  members 
66  of  the  middle/high  frequency  sound  range  speaker 
1  1  ,  and  the  flange  portion  24  of  the  upper  base  20  pref- 
erably  has  a  shape  of  a  substantially  hexagonal  plate  in 
the  multi-speaker  apparatus  shown  in  Figs.  4  and  5.  Fur- 
ther,  the  upper  part  of  the  side  member  53  is  preferably 
connected  to  the  flat  portion  38  of  the  upper  base  20  of 
the  middle/high  frequency  sound  range  speaker  11  and 

the  lower  part  thereof  is  connected  to  the  cabinet  72  of 
the  low  frequency  sound  range  speaker  70.  The  side 
member  53  is  arranged  such  that  a  center  axis  of  the 
middle/high  frequency  sound  range  speaker  11  and  a 

5  center  axis  of  the  low  frequency  sound  range  speaker 
70  are  substantially  aligned  with  each  other  and  an  axis 
which  extends  in  a  direction  that  is  substantially  perpen- 
dicular  relative  to  a  surface  on  which  the  multi-speaker 
apparatus  1  0  is  mounted  or  installed.  Further,  a  plurality 

10  of  notches  55,  preferably  rectangular  for  example,  are 
preferably  created  at  substantially  equal  intervals  from 
each  other  along  substantially,  an  entire  periphery  of  the 
lowest  part  of  the  side  member  53  so  as  to  communicate 
with  the  sound  path  of  the  middle/high  frequency  sound 

is  range  speaker  1  1  and  the  bass  reflex  port  80  of  the  low 
frequency  sound  range  speaker  70. 
[0041]  Similar  to  the  multi-speaker  apparatus  shown 
in  Figs.  1  and  2,  the  vibrator  12  of  the  middle/low  fre- 
quency  sound  range  speaker  11  vibrates  and  emits 

20  sound  and  the  low  frequency  sound  range  speaker  unit 
84  of  the  low  frequency  sound  range  speaker  70  is  driv- 
en  and  emits  sound  when  electrical  signals  are  input  to 
the  input  terminal  in  the  multi-speaker  apparatus  10 
shown  in  Figs.  4  and  5. 

25  [0042]  Sound  waves  emitted  from  the  curved  outer 
surface  of  the  vibrator  12  of  the  middle/high  frequency 
sound  range  speaker  1  1  are  transmitted  in  all  directions 
away  from  the  apparatus  support  surface.  Sound  waves 
emitted  from  the  curved  inner  surface  of  the  vibrator  1  2 

30  via  the  cavity  28  and  the  sound  path  are  emitted  from 
the  notches  55  which  communicate  with  the  sound  path 
in  all  directions  toward  the  apparatus  mounting  surface. 
Thus,  the  speaker  1  1  emits  sound  waves  in  all  directions 
toward  and  away  from  the  apparatus  support  surface  so 

35  as  to  transmit  sound  waves  toward  and  away  from  the 
apparatus  support  surface  non-directionally. 
[0043]  Furthermore,  sound  waves  emitted  from  the 
opening  78  in  the  cabinet  72  of  the  low  frequency  sound 
range  speaker  70  in  Figs.  4  and  5  are  emitted  from  the 

40  space  between  the  bottom  surface  74  of  the  cabinet  72 
and  the  surface  on  which  the  apparatus  10  is  installed 
or  mounted  in  all  directions  toward  the  apparatus  mount- 
ing  or  installation  surface.  Further,  sound  waves  emitted 
from  the  bass  reflex  port  80  are  transmitted  in  all  direc- 

ts  tions  away  from  the  apparatus  mounting  or  installation 
surface.  Thus,  the  speaker  70  emits  sound  waves  in  all 
directions  toward  and  away  from  the  apparatus  support 
surface  so  as  to  transmit  sound  waves  toward  and  away 
from  the  apparatus  support  surface  non-directionally. 

so  [0044]  Because  the  center  axes  of  the  middle/high 
frequency  sound  range  speaker  11  and  the  low  frequen- 
cy  sound  range  speaker  70,  which  have  different  fre- 
quency  ranges  from  each  other,  are  substantially 
aligned  relative  to  an  axis  which  extends  substantially 

55  perpendicular  to  the  apparatus  mounting  or  installation 
surface,  sound  waves  generated  from  the  middle/high 
frequency  sound  range  speaker  11  and  the  low  frequen- 
cy  sound  range  speaker  70  are  emitted  in  all  directions 
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both  toward  and  away  from  the  apparatus  mounting  sur- 
face. 
[0045]  Therefore,  the  sound  generated  and  emitted 
by  the  apparatus  10  of  Figs.  4  and  5  is  non-directional 
relative  to  the  apparatus  mounting  surface.  Accordingly,  s 
a  range  where  the  best  stereo  sound  is  produced  is 
greatly  increased  as  compared  with  the  pnor  art  and  is 
exceptionally  wide  regardless  of  the  distance  between 
two  of  the  multi-speaker  apparatuses  10  which  may  be 
arranged  to  define  right  and  left  multi-speaker  appara-  10 
tuses. 
[0046]  Further,  as  compared  to  the  multi-speaker  ap- 
paratus  shown  in  Figs.  1  and  2,  because  the  middle/high 
frequency  sound  range  speaker  1  1  and  the  low  frequen- 
cy  sound  range  speaker  70  are  constructed  in  a  single  15 
unitary  integral  in  the  multi-speaker  apparatus  shown  in 
Figs.  4  and  5,  it  is  not  necessary  to  adjust  the  center 
axes  of  the  middle/high  frequency  sound  range  speaker 
11  and  the  low  frequency  sound  range  speaker  70  rel- 
ative  to  each  other,  the  strength  of  the  whole  apparatus  20 
increases,  it  is  easier  to  carry  around  the  whole  appa- 
ratus  and  it  is  less  costly  because  the  leg  members  66 
are  not  necessary,  i.e.  a  number  of  parts  is  reduced. 
[0047]  It  is  noted  that  although  a  middle/high  frequen- 
cy  sound  range  speaker  11  and  a  low  frequency  sound  25 
range  speaker  70  are  provided  in  each  multi-speaker 
apparatus  10  described  above,  it  is  possible  to  use  a 
plurality  of  different  kinds  of  speakers  having  different 
frequency  sound  ranges.  For  example,  it  is  possible  to 
provide  a  woofer,  a  mid-range  frequency  speaker  and  a  30 
tweeter  in  a  multi-speaker  apparatus  10  described 
above.  In  such  a  case,  the  woofer,  mid-range  frequency 
and  tweeter  speakers  are  preferably  disposed  within 
one  cabinet  so  that  the  center  axes  thereof  are  substan- 
tially  aligned  with  each  other  and  relative  to  an  axis  35 
which  extends  in  a  direction  that  is  substantially  perpen- 
dicular  to  a  surface  upon  which  the  multi-speaker  appa- 
ratus  is  mounted  or  installed.  In  addition,  notches  or  the 
like  are  created  on  the  cabinet  so  that  sounds  generated 
from  the  woofer,  mid-range  frequency  and  tweeter  40 
speakers  are  emitted  in  all  directions  toward  and  away 
from  the  apparatus  mounting  or  installation  surface. 
[0048]  Further,  although  the  vibrator  in  which  the  elec- 
trodes  are  disposed  on  the  curved  inner  and  outer  sur- 
faces  of  the  vibrating  body  made  of  a  piezoelectric  ma-  45 
terial  is  used  in  the  middle/high  frequency  sound  range 
speaker  11  in  each  multi-speaker  apparatus  10  de- 
scribed  above,  it  is  possible  to  use  a  vibrator  in  which  a 
piezoelectric  element  is  bonded  to  part  of  a  semi-spher- 
ical  vibrating  body  made  of  metal,  ceramic  or  synthetic  so 
resin  as  a  driving  device  for  vibrating  the  vibrating  body. 
It  is  also  possible  drive  the  vibrating  body  electromag- 
netically  by  using  a  voice  coil. 
[0049]  Although  the  horn  and  the  cabinet  are  de- 
scribed  above  as  being  preferably  formed  of  synthetic  55 
resin  in  each  multi-speaker  apparatus  10,  the  horn  and 
the  cabinet  may  be  formed  of  metal,  wood,  ceramic, 
glass  or  the  like. 

[0050]  Further,  although  the  central  sound  path  is  de- 
scribed  above  as  being  formed  of  the  first,  second  and 
third  cylinders  in  the  middle/high  frequency  sound  range 
speaker  11  in  each  multi-speaker  apparatus  10,  the  cen- 
tral  sound  path  may  be  formed  of  one,  two  or  four  or 
more  cylinders. 
[0051]  The  cylinders  composing  the  sound  path  of  the 
horn  18  may  have  shapes  other  than  the  circular  cylin- 
der  shape  described  above  and  may  include  an  elliptic 
cylinder  or  a  square  cylinder  shape. 
[0052]  Further,  it  is  possible  to  use  a  cylinder  having 
a  passage  which  expands  gradually  from  one  end  to  the 
other  end  as  the  cylinder  composing  the  sound  path. 
[0053]  Although  three  substantially  V-shaped  notches 
are  described  above  as  being  created  in  one  cylinder  in 
the  middle/high  frequency  sound  range  speaker  11  in 
each  multi-speaker  apparatus  10  described  above,  it  is 
possible  to  create  four  or  more  substantially  V-shaped 
notches  in  one  cylinder  according. 
[0054]  It  is  also  possible  to  create  notches  having  a 
shape  other  than  the  substantially  V-shape  as  the  fold 
back  portion  or  the  opening  of  the  sound  path. 
[0055]  As  described  above,  preferred  embodiments 
of  the  present  invention  allows  the  multi-speaker  appa- 
ratus  to  emit  sound  waves  in  all  directions,  i.e.  non-di- 
rectionally,  both  toward  and  away  from  a  surface  upon 
which  the  apparatus  is  mounted  or  installed.  According- 
ly,  a  range  where  the  optimum  stereo  sound  is  produced 
is  greatly  increased  and  exceptionally  wide  regardless 
of  distance  between  two  of  the  two  multi-speaker  appa- 
ratuses  arranged  to  be  right  and  left  multi-speaker  ap- 
paratuses. 
[0056]  While  the  invention  has  been  particularly 
shown  and  described  with  reference  to  preferred  em- 
bodiments  thereof,  it  will  be  understood  by  those  skilled 
in  the  art  that  the  foregoing  and  other  changes  in  form 
and  details  may  be  made  thereto  without  departing  from 
the  spirit  and  scope  of  the  invention. 

Claims 

1.  A  multi-speaker  apparatus  (10),  comprising: 
a  plurality  of  speakers  (11,  70)  having  different 

sound  frequency  ranges  and  connected  to  each 
other,  the  plurality  of  speakers  being  arranged  such 
that  center  axes  of  said  plurality  of  speakers  are 
aligned  with  an  axis  which  extends  in  a  direction 
which  is  substantially  perpendicular  to  a  surface  up- 
on  which  the  apparatus  is  supported  such  that 
sound  waves  generated  by  said  plurality  of  speak- 
ers  are  transmitted  in  all  directions  toward  and  away 
from  the  surface  upon  which  the  apparatus  is  sup- 
ported. 

2.  The  multi-speaker  apparatus  according  to  claim  1  , 
wherein  one  of  said  speakers  comprises  a  low  fre- 
quency  range  speaker  (11  )  and  another  of  said  plu- 
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rality  of  speakers  comprises  a  mid/high  frequency 
range  speaker  (70). 

3.  The  multi-speaker  apparatus  according  to  claim  2, 
wherein  said  low  frequency  range  speaker  (70)  in- 
cludes  a  cabinet  (72)  and  a  low  frequency  sound 
range  speaker  unit  (84)  including  a  vibrating  body 
and  provided  within  said  cabinet,  said  cabinet  in- 
cluding  a  bottom  plate  (74)  arranged  to  be  substan- 
tially  parallel  to  and  spaced  from  said  surface  upon 
which  the  apparatus  is  supported,  an  upper  plate 
(76)  arranged  to  be  substantially  parallel  to  said  bot- 
tom  plate  and  a  bass  reflex  port  (80)  located  at  said 
upper  plate,  the  low  frequency  sound  range  speak- 
er  unit  being  mounted  to  surround  an  opening  (78) 
formed  in  said  cabinet  so  that  said  vibrating  body  of 
said  low  frequency  sound  range  speaker  unit  faces 
said  surface  upon  which  said  plurality  of  speakers 
are  mounted. 

4.  The  multi-speaker  apparatus  according  to  claim  2, 
wherein  said  middle/high  frequency  range  speaker 
(11)  is  mounted  on  said  lowfrequency  range  speak- 
er  (70). 

5.  The  multi-speaker  apparatus  according  to  claim  1  , 
wherein  said  plurality  of  speakers  include  a  middle/ 
high  frequency  sound  range  speaker  (11  )  and  a  low 
frequency  sound  range  speaker  (70),  the  middle/ 
high  frequency  sound  range  speaker  including  a 
substantially  semi-spherical  vibrating  body  (14),  a 
driver  (16a,  16b)  for  vibrating  the  vibrating  body,  a 
horn  (1  8)  which  extends  from  a  curved  inner  surface 
of  said  vibrating  body  to  an  outside  thereof  and 
which  has  a  sound  path  which  expands  from  a  cent- 
er  thereof  to  the  outside  and  is  folded  back,  a  cavity 
which  communicates  with  said  sound  path  between 
said  vibrating  body  and  said  horn  and  an  opening 
of  said  sound  path  is  created  for  said  horn  and  ex- 
tends  across  almost  an  entire  circumference  in  a 
direction  substantially  parallel  to  the  surface  upon 
which  the  apparatus  is  supported. 

6.  A  multi-speaker  apparatus,  comprising: 
at  least  two  speakers  (11  ,  70)  being  connect- 

ed  to  each  other  and  having  different  frequency 
sound  ranges,  each  of  the  at  least  two  speakers 
having  a  first  member  arranged  to  emit  sound 
waves  in  all  directions  away  from  a  surface  upon 
which  the  apparatus  is  supported  and  a  second 
member  arranged  to  emit  sound  waves  in  all  direc- 
tions  toward  the  surface  upon  which  the  apparatus 
is  supported. 

7.  The  multi-speaker  apparatus  according  to  claim  6  , 
wherein  a  first  of  the  at  least  two  speakers  compris- 
es  a  low  frequency  sound  range  speaker  (70)  and 
a  second  of  the  at  least  two  speakers  comprises  a 

mid/high  frequency  sound  range  speaker  (11). 

8.  The  multi-speaker  apparatus  according  to  claim  6, 
wherein  said  first  member  of  a  first  of  said  at  least 

5  two  speakers  comprises  a  vibrating  body,  an  upper 
plate  (76)  arranged  above  said  vibrating  body  and 
a  bass  reflex  port  (80)  located  at  said  upper  plate 
arranged  to  emit  sound  waves  in  all  directions  away 
from  the  surface  upon  which  the  apparatus  is  sup- 

10  ported. 

9.  The  multi-speaker  apparatus  according  to  claim  6, 
wherein  said  second  member  of  a  first  of  said  at 
least  two  speakers  comprises  a  cabinet  (72),  a  low 

is  frequency  sound  range  speaker  unit  (84)  including 
a  vibrating  body  and  being  mounted  to  surround  an 
opening  (78)  formed  in  said  cabinet  so  that  said  vi- 
brating  body  of  said  low  frequency  sound  range 
speaker  unit  faces  said  surface  upon  which  said  ap- 

20  paratus  is  mounted. 

10.  The  multi-speaker  apparatus  according  to  claim  9, 
further  comprising  a  plurality  of  support  members 
(82)  which  are  connected  to  said  cabinet  (72)  and 

25  support  said  apparatus  such  that  the  opening  (78) 
formed  in  said  cabinet  (72)  is  spaced  from  the  sur- 
face  upon  which  the  speaker  is  mounted. 

11.  The  multi-speaker  apparatus  according  to  claim  6, 
30  wherein  said  first  member  of  a  second  (11)  of  said 

at  least  two  speakers  (11,  70)  comprises  a  substan- 
tially  semi-sphencal  vibrating  body  (14)  and  a  driver 
(1  6a,  1  6b)  for  vibrating  the  vibrating  body,  the  sub- 
stantially  semi-spherical  vibrating  body  being  ar- 

35  ranged  to  emit  sound  waves  in  all  directions  away 
from  the  surface  upon  which  the  apparatus  is  sup- 
ported. 

12.  The  multi-speaker  apparatus  according  to  claim  6, 
40  wherein  said  second  member  of  a  second  (11)  of 

said  at  least  two  speakers  (1  1  ,  70)  comprises  a  sub- 
stantially  semi-spherical  vibrating  body  (1  4),  a  driv- 
er  for  vibrating  the  vibrating  body  (1  6a,  1  6b),  a  horn 
(18)  which  extends  from  a  curved  inner  surface  of 

45  said  vibrating  body  to  an  outside  thereof  and  which 
has  a  sound  path  which  expands  from  a  center 
thereof  to  the  outside  and  is  folded  back,  a  cavity 
which  communicates  with  said  sound  path  between 
said  vibrating  body  and  said  horn;  and  an  opening 

so  of  said  sound  path  is  created  for  said  horn  and  ex- 
tends  across  almost  an  entire  circumference  and  is 
arranged  to  emit  sound  waves  in  all  directions  to- 
ward  a  surface  upon  which  the  apparatus  is  sup- 
ported. 

55 
13.  The  multi-speaker  apparatus  according  to  claim  6, 

wherein  one  of  said  at  least  two  speakers  compris- 
es  a  middle/high  frequency  range  speaker  (11)  and 

30 
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the  other  of  said  at  least  two  speakers  comprises  a 
low  frequency  range  speaker  (70),  wherein  said 
middle/high  frequency  range  speaker  is  mounted 
on  said  low  frequency  range  speaker. 

5 
14.  The  multi-speaker  apparatus  according  to  claim  6, 

further  comprising  a  single  cabinet,  wherein  said  at 
least  two  speakers  are  provided  in  and  mounted  on 
said  single  cabinet  so  as  to  form  a  single  unitary 
body  construction.  10 

15.  The  multi-speaker  apparatus  according  to  claim  14, 
further  comprising  a  plurality  of  support  members 
(82)  attached  to  said  single  cabinet  and  arranged 
to  support  said  apparatus  and  cabinet  spaced  from  15 
the  surface  upon  which  the  apparatus  is  supported. 

16.  The  multi-speaker  apparatus  according  to  claim  6, 
wherein  at  least  one  of  the  at  least  two  speakers 
includes  a  phase  shifting  device  (28)  for  bringing  the  20 
sound  waves  which  are  transmitted  in  all  directions 
away  from  the  surface  upon  which  the  apparatus  is 
supported  substantially  in  phase  with  the  sound 
waves  which  are  transmitted  in  all  directions  toward 
the  surface  upon  which  the  apparatus  is  supported.  25 

17.  The  multi-speaker  apparatus  according  to  claim  6, 
wherein  the  at  least  two  speakers  (11,  70)  are  ar- 
ranged  such  that  center  axes  of  said  at  least  two 
speakers  are  aligned  with  an  axis  which  extends  in  30 
a  direction  which  is  substantially  perpendicular  to 
the  surface  upon  which  the  apparatus  is  supported. 

18.  The  multi-speaker  apparatus  according  to  claim  6, 
wherein  the  at  least  two  speakers  (11,  70)  are  ar-  35 
ranged  such  that  center  axes  thereof  are  aligned 
with  each  other. 

19.  The  multi-speaker  apparatus  according  to  claim  6, 
wherein  the  at  least  two  speakers  compnse  a  woof-  40 
er  and  a  mid-range  frequency  speaker. 

20.  The  multi-speaker  apparatus  according  to  claim  1  9. 
further  comprising  a  tweeter. 

45 
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FIG.  3 
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FIG.  4 
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