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Zyun-iti Maekawa
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This is the  oral  paper ofa  plenary lecture presented at the  opening  ceremony  of  the  Joint

meeting  ofthe  Acoustical Societies ofJapan  and  America.  The  paper  has briefly reviewed

the update  of  both  public and  personaL aspects  of"Enyironmental  acoustics."  Although  it
has interdisciplinary or  multidisciplinary  nature,  it is limited arbitrarily  to these  aspect

rclated  to people's daily lives, particularly those in which  the author  has an  interest. The
environment  can  be defined as the interface between human  beings and  everything  surround-

ing them, i.e. the human  Psycho-physiological factors and  surrounding  Physical factors.
Therefore it seems  to be imperative to promote Psycho-physielogical research  for developing
environmental  acoustics.
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           1. INTRODUCTION

  Mere  than twenty years before, the invited 1ectures

on  
"Environmental

 acoustics"  at the  8th ICA  Cen-

gress in London  in 1974 were  skewed  toward  
`･Pub-

lic aspects"  as  shown  in Table 1. At that  time  I had
felt some  dissatisfaction with  this weighting,  though

there  was  a reason  for being concerned  with  noise-

nuisance  as  a social  problem  in all developed coun-
tries. As  far as  I rernember,  it was  the  first time  that

the  term  
"Environmental

 acoustics"  was  used

orncially.

  Today,  I would  like to correct such  an  imbalance

by offering  additional  comments  on  the 
"Personal

aspects"  of  
"Environmental

 Acoustics."

  As  is well  known,  
"Acoustics"

 has interdisciplin-

ary  or  multidisciplinary  nature.  
"EnvirQnmental

Acoustics" is naturarly  related  to every  branch of

acoustics,  however,  I would  like to limit arbitrarily

my  remarks  to  those  related  to people's daily lives

and  in which  I have interest, since  it is diMcult to

give a  rigorous  definition. I am  going  to present
current  topics  regarding  

"Environmental
 Acoustics"

which  have  caught  my  eye  recently,  mainly  fbr

general acousticians.

      2. PUBLIC  ASPECT  OF  THE

    ENVIRONMENTAL  ACOUSTICS

2.l Noise Sources

  The  most  cQmmon  and  significant  noise  source  in
the human  environment  is that  of  transportation,

especially  the  noise  of  road  vehicles.  The  Interna-
tional  INCE  (Institute of  Noise Control Enginoer-
ing) has reported  a  draft of  the  Working  Party in the

quarterly news  magazine  
"Technicat

 Assessment of
the  Effect of  Regulations  on  Road  Yehicle  Noise,"i)

Figure 1 shows  a  part of  this report  regarding  a

history of  noise  emission  limits over  the  past 25

years. It is clear  that  every  country  has been

continuing  to make  a  suocessfu1  efibrt  to reduce

noise  emission  from the sources,  though  the  levels
are  not  directly comparable  since  the measuring

methods  differ between every  countries.  Further

efforts  to reduce  tjre-nojse are  being made  not  only

with  the  manufacture  of  vehicles  but with  the  porous
elastic  pavernent of  road  surface.  The situation  is
very  sirnilar  regqrding  the noise  emission  of  aircraft.

  These efforts  are  most  essential  not  only  fbr traMc
noise  but also  for every  noise  source,  because if
noise-emissions  from  all noise  seurces  could  be
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Table1  Invited lecturesat 8th ICA  Congress  (LondonI974).

R. H. Bolt (USA)
J. E. Ffowcs-Williams  (UK)
Z. Maekawa  (Japan)
H. E. von  Gierke  (USA)

L. Cremer  (Germany)
F. Ingerslev (Denmark)

Public aspects  of  environmental  acoustics

Physics of  sound  creation

Environmentai sound  propagation
Noise-how  much  is too  much  

t?

The  measurement  and  rating  ofenyironmental  noise  with  respect  to its

effects  on  man

Stand des Schallschutzes im  Wohnungsbau

Strategies for controlling  and  Planning aguinst  transportation  noise
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Fig. 1 Development  of  Vehicle Noise
  International INCE).

ErnissionLimitsover  the  Years  (Draftof theWorkingPartyof  the

suppressed  to acceptable  levels
would  be needed  fbr noise  control.

wou[d  come,  it might  be a happy

no  other  means

  When  that  day
one  for people in

general but not  for us,  since  acousticians  would  lost
their jobs. However,  not  to worry,  The  tremen-

dous  increase in the  number  of  vehicles  and  aircraft
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  Z. MAEKAWA  : ENVIRONMENTAL  ACOUSTICS

continues  to overcome  efforts  to reduce  noise  emis-

sion.  We  shall  have  to continue  to make  effort  for
suMcient  noise  control  probably  for ever.

2.2 Sound  Propagation  Outdoor

  A  very  nice  tutorial paper on  this title has been

presented by Dr. Tony  Embleton this Juty in our

Journal.2) All factors related  to sound  propagation
are  reviewed  and  arranged  so  as  to be easily  under-

stood.  Further theoretical works  on  long range

sound  propagation  in the atrnosphere  have devel-
oped  practical methods  such  as  cold  the  FFP  (fast
field program)3) and  the PE  (parabolic equation)

model`)  fbr a  computer.  These  methods  show  the

remarkable  progress of  research,  but calculate  with  a

simplified  model  of  multi-layered  steady  atmo-

sphere.  They must  be valid  under  the assurned

condition  of  the vertical  profile of  sound  speed  in
the  atmosphere  which  is steady  and  constant

between  the source  and  the receiver.  However,
such  a  meteorological  condition  is not  likely to exist

in the  natural  atmosphere,  even  though  taking  into

account  the  air  turbulence,  but it must  be difibrent

from,place to place and  changing  every  moment.

Therefore, it is a  very  complicated  chaotic  condi-

tion, the varying  details ofwhich  it is almost  impos-

sible to catch  or  predict.

  When  we  had to perform  an  environmental

impact assessment  ofour  new  developing airport  on

UPDATE

an  artificial  island, we  measured  noise  propagation
in long range  of  5 km  over  sea  continuously  for 14

months,  in order  to know  how  the  noise  reduction

from source  to receiver varied  in time and  frem

season  to season.  Technical data have  been

presented at  the  Conference "Inter-Noise
 96,"5) an

example  of  the results  fbr one  rnonth  is shown  in

Fig. 2. As  you  see,  the noise  reduction  shows  one

day's periodic change  with  large amplitude  of  50 dB
or  more.  Sorne  times,  it changes  20-30  dB  quickly
within  several  minutes,  Our  major  interest is when

it becomes  small,  because, then  the receiving  noise

becomes  high level. At what  time  and  for what

percentage oftime  does noise  level exceed  the  aceept-

able  level ? It must  obviously  be a  statistical  prob-
lem, And  we  hope to find any  relation  with  mete-

orological  conditions  in order  to predict noise

behavior. If we  can  forecast that  the noise  level

will  be higher than the acceptable  level, we  shall be

able  to control  the fiying of  aircraft in order  not  to

occur  social  noise  problems.

  The  meteorologica]  conditions  at  the  site  were,  of

course,  observed  simultaneously,  in order  to obtain

any  correlation  with  the  noise  reduction.  It is,

however, not  easy  to get a favorable result  with

simple  statistical  analysis,  though  some  results  were

presented at  the  
"Inter-Noise

 96.'76) Now,  vve  are

continuing  to analyze  in order  to publish more

details of  it in the near  future.
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Fluctuation  of  Received  Noise ReductionLevels and  some  weather  conditions.

               99
NII-Electronic  



The Acoustical Society of Japan

NII-Electronic Library Service

The  AcousticalSociety  of  Japan

2.3 NoiseBarriers

  Noise  barriers are  a  very  common  device for noise

control  in the open  air, Some  rigorous  exact  solu-

tions  for refracted  sound  field by a  screen  had  been

presented, however,  a  simple  chart  shown  in Fig. 3

which  I compiled  30 years befbre') is still  usefu1  fbr

designing a noise  screen  in practice. The  chart  is

very  simple  and  easy  to use  and  also  gives results

with  reasonable  accuracy  even  without  any  com-

puter. On  the  other  hand  the  rigorous  solution

requires  more  or  less troublesome  computation  with

simple  and  pure conditions  which  rarely  exist.

Consequently  there are  some  discrepancies with  the

real situation. In addition,  resulting  interference

patterns are  not  always  important. However,

where  the cffects  of  ground  surface  and  meteorologi-

agdi
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cal  conditions  might  not  be negligible  with  some

distance, not  so  close  to the  source,  we  must  use  the

exact  theory.  For  example,  Fig. 42) shows  infiuence

of  the ground  surface  by  the  exact  solution.  Here,

Ihave added  the  curve  (M2), it shows  the result  of

addition  of  the intensity of  ground  reflection  by my

method  neglecting  its phase, since  the curve  (M)
shows  only  the  value  of  my  chart  without  any

reflection,  Regarding  the  distribution pattern of

diffiracted sound  pressure level by the exact  solution

we  must  keep  in mind  that  it depends on  the posi-
tion of  receiving  point.

  Barriers are  almost  the only  one  device in use  in

e1
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Fig. 4 Predicted Insertion Loss for a Roadside
  Barrier.2) Curve  1 &  2, due  to Isei et  aL;
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the open  air  fbr blocking noise  propagation. And
they  block also  wind,  sunshine  and  sight  or  the nice

view,  ie. they  destroy almost  all environmental

elements  except  noise.  The  higher the barrier the

greater the noise  reduction,  it is true, but these
adverse  effects  are  unavoidably  introduced. We

have  been continuing  to make  effort to reduce  these

adverse  effects  within  the  environment  of  human

life. When  a barrier is required  to be lower  in

height and  to have greater noise  reduction,  special

devices or  treatment  must  be added  to it. Figure 5

shows  various  inventions from  the  past. The  draw-
ings (a) and  (b) are  elevations  designed for reducing

the  adyerse  effects,  And  others  are  cross  sections

designed for increasing the shielding  effect  with

many  adaptive  shapes  at the head of  the barriers.
They  have  been  invented as  shown  in (c"･g), various

overhang  with  hard rnaterials,  (h); absorbing,  and

ti) have  multiple-edges,  (k); interfering with  a

reactive-type  head. The  devices (l,m,n) have

acoustical  soft  surface,  i.e. honeycomb  layer of  a

quarter wavelength  thickness,  so  that  the  sound

pressure ofthe  incident sound  wave  becomes zero  at

the  surface.  One  of  these will  be presented at  this

afternoon  session.  Especially the last one  will

probably obtain  great noise  reduction  for wide

range  of  frequency. Figure 6 shows  the detail ofits

design and  results  of  theoretical  calculation  with

Boundary Element  Method.8) This research  is still
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    Fig. 6 Insertion loss spectra  of  a T-shaped

     barrier, containing  wells  tuned  to frequencies

     of  420  and  840 Hz  on  the  upper  surface,

     computed  by  BEM  method.  (a) Rigid flat
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advancing,  and  BEM  computation  is a  powerfu1
tool for theoretical investigation.

2.4 ActiveNoiseControl

  As  is well  known,  superposition  of  a  negative

phase wave  on  the  original  one  can  cancel  the

original  wave  provided  that  both  the  amplitude  and

the  wavelength  are  the same  and  the  phase is inverse

to the  original  one.  Owing  to development  of  the

digital computer,  its first application  has been  suc-

cessfu1  in a  closed  narrow  spaoe  such  as  in an  ear-

mufforinanairconditioningduct.  Now,attempts
are  being made  to increase the  shielding  effect  of  a

noise  barrier in the  open  air,9･iO) Here, the  sound

pressure at the top  of  the  barrier should  be canceled.

  Although  it is necessary  to have  equipment,  a

power source  and  maintenance  for the  facility, the

application  of  active  control  technique  is gradually
spreading  for varjous  kind of  noise  control  espe-

cially  in the  low frequency range  for our  environ-

mental  comfbrt.

2.5 Community  Noise  Survey

  The  social  survey  on  noise  problems  is quite an

essentia)  procedure  fbr compiling  basic data on

noise  control,  since  the  noise  problems  that  exist

depend  on  the  subj  ective  evaluation  of  the  citizenry.

Such  surveys  have  been  performed in almost  eyery

countTy,

  In Japan, the  Committee  for the Social Survey on

Noise  Problems  has proposed  fundamental items in
our  Joumal,ii) to be used  in the survey  in order  to

make  them  comparable  to each  other.  And  two

groups are  active  in cross-cultural  study  between
fbreign countries  as  shown  in Fig. 7.i2,i3)

GermanySweden USA China

r.  Schickr.

 Fastlr.

 Hellbuck

Dr.BerglundDr.FlorentineDr.  Zheng

Groupl; Dr.S.Namba.&Dr.S.Kuwano

apan

Group2;  Dr.K.IzurnL&Dr.T,Yano

Sweden
Dr.  Rylander

Thailand

Dr.Dankittikul

Fig. 7 Cross-Cultural Study Groups on  Envi-
 ronmental  Noise.
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  The  
"International

 Commission  on  Biological
EiTects ofNoise  (ICBEN)" is now  discussing how  to

make  
"the

 common  questions for survey."L`)  It is

essential  to have a  common  international question-
naire  transcend{ng  language barriers. Also  in the
ISO, a  committee  is going to start  with  the similar

target, When  it has been  put into operation  we

shall  be able  to compare  the results  of  surveys

perfbrmed  anytime  and  anywhere  with  a  common

measure,･

  On  the other  hand, an  intensive survey  in relation

to  community  response  to noise  is emphasized  in

order  to obtain  more  detailed information on  peo-

ple's response  with  smaller  amount  ofdata  than  the

usual  extensiye  methods.i5)  It seems  that  both
intensive and  extensive  surveys  should  be organized

with  proper balance, according  to the purpose  of

lnvestlgatlon,

  A  new  method  fbr analysis  of  personal reaction  to

environmental  noise  with  a membership  function of
the  fuzzy theory  as well  as  the  quantifi¢ ation  theory

and  a  neural  network  has been  reported.i6,i7)  lt can

be expected  that such  analysis  will  become  a  new

tool to deal with  a  indistinct problem  like a  psycho-
logical response  or  a  social  survey.

  This field is intimately related  to the  hearing
research  in Psycho-acoustics, It is our  pleasure to
have a  Festschrift for Dr. S. Namba  

"Recent

 Trends

in Hearing  Research" authored  by 14 authorities.i8]
It contains  almost  all items of  psycho-acoustics
related  to environmental  acoustics.

2.6 Effect of  Regulation on  Environmental  Noise

    and  Soundscape  Movement

  It has been a  quarter century  since  the Japanese

Government established  the  Environment  Agency
and  determined Environmental Quality Standards
for noise  in l971. The  effect  ofregulation  is not  yet
suthcient.  Places which  satisfied  the  standard  al]

day  are  only  13%  of  areas  which  had  obseryed  the

enyironmental  noise  level continuously.

  Being at their ",it's  end,  the  Environment  Agency

published this June  the  list of  
"100

 selected  sounds-

capes  in Japan" to be conserved.i9)  Ideally, if

people give attention  to sounds  surrounding  them,

and  assess  them  good  or  bad, and  necessary  or

unnecessary  for their environment,  they  might

become  aware  ofthe  importance  ofsilence.  And  it
rnight  ]ead to  satisfying  Environmental  Quality
Standards  for noise,  It may  really  be the most

I02
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important to improve the surrounding  environment

so  that the seundscape  can  be eojoyed  forever.

3. WHAT  IS  GOOD  ACOUSTICS  IN  THE

      PERSONAL  ENVIRONMENT

3,1 Noise  Control in Buildings

  This  evening  we  will  have  a  
C`Tutorial

 Lecture on

sound  transmission  through  structures-protecting

occupants  from  exterior  noise."  The  first step  for

good  acoustics  in the personal environrnent  is of

course  obtaining  quiet. Exterior noise  shows  year-
ly increase, owing  mainly  to the growth  oftranspor-

tation  everywhere.  Locally, near  a  airpert,  along  a

highway  or  a high speed  train  line, and  in the

vicinity  of  a  bombarding  site  for military  practice,
there are  serious  problems in low  frequency airborne

sound  insulation, as  a protecting technique,  Espe-

cially  for high  energy  impulsive sound  contained  in
very  low  frequency range  we  must  develop  some  new

effective devices. It is our  obligatien,  for example,
to solve  such  acoustical  problems  in Okinawa,
though  a  new  device for increasing the  sound  insula-

tion  of  a  double-window  by using  the  active  centrol

technique  is being studied  and  will  be presented in
this meeting.2e)

  Various  methods  fbr measurement  and  evaluation

of  airborne-sound  insulation have  been  proposed
for national  and  international  standards.

Although  relationships  among  many  single-number

indices for sound  insulation of  building walls  has

been reported,2i)  no  one  treated the lower frequency

range  under  100 Hz.

  Thursday afterpoon  we  are  going to have  a  ses-

sion  on  
"Floor

 Impact Sound," which  is the most

commen  problem  of  structure-borne  noise  in apart-
ment  houses. In Japan, we  have  our  own  testing

method  ae. in addition  to  the  standard  method  of

using  ISO  tapping  machine  a  heavy  and  soft  impact

source  (specified in JIS A  1418), have  being used.22)

That  is the  process ofsimulating  noises  such  as  those

ofchildren'sjumpingandrunning.  Figure8shows

both  sources,  and  you can  listen to each  sound  by

playingbackofareeordedtape.  TheISOCommit-
tee is now  discussing methods  for measuring  and

rating  of  the structure-borne  sound  problem  in fre-

quency  extending  below 100Hz, according  to the

propQsalfromJapan.  Manypaperswillbepresent-

ed in the session.

  Consequently,  both  air-borne  and  structure-borne

seund  problems  in buildings are  insulation in fre-
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(a) Tapping  Machine  (ISO).

 (b) Heavy  Impact Source (JIS),

Fig.8  Floor impact Sound  Sources,

quency  range  lower than  1OO Hz, in which  frequency

range  we  have  not  enough  data for practice. Since

the  wavelength  is so  long that it must  be diMcult to

solve  both theoretically and  experimentally,  some

special  invention is to be hoped for.

  Regarding  the subjective  evaluation  or  perception
in very  low  frequency range,  we  have  also  many

unclear  problems. For  example,  we  have had a

peculiar experience.  When  we  were  in a good in-

sulated  room  near  a  highway, we  felt shock  to our

bodios and  had a  strong  oppressive  fbeling because
of  a  passing heavy  truck. However, this sense  was

reduced  by a  little opening  ofthe  window  ! What

had happened? Why  was  the poor sound  insula-

tion  able  to  relieye  our  fbeling ? From  now  on  we

intend to study  this problem  with  psycho-acoustical
experlment,

UPDATE

3.2 In a  Concert Hall

  Dr. J, S, Bradley gave  a brief article  
`'Listener

envelepment  : An  essential  part  ofgood  concert  hall

acoustics"  as  an  
"ACOUSTICS

 1995" in the  Jour-
nal  of  our  Society.23) It is a  very  nice  review  of

recent  research  for evaluation  of  concert  hall acous-
tics.

  It has been 25 years since  the  discovery by Dr.

Fig. 9 Concepts  of  two  cemponents  in an  audi-

 tory  space,  ASW:  Auditory (Apparent)
 Source  Width; the width  ofa  sound  image

 fused temporally  and  spatially  together with  a

 direct sound  and  early  reflections.  LEV:

 Listener Envelopment  ; the fullness of  sound

 images around  a listener, composed  of  the

 later arriving  lateral rcflections.

Barron  of  the  importance of  lateral refiections  in a

concert  hall for listener spatial  impression or  spa-

ciousness.  Rocent  work  has now  revealed  that

there are  two  distinct components,  one  is a  sense  of
`listener

 envelopment,'  and  other  is a  sense  of`appar-

entbroadeningofthesource.'  Figure9showsthese

two  components.  He  emphasize  the  importance of
the later arriving  lateral reflections  for getting a

sense  of  
`listener

 envelopment.'

  Dr. Beranek  also  gave  a  tutorial review  
"Acous-

tics and  musical  qualities" in the same  Journal,2`)
That  is Chapter 3 of  his new  remarkable  book
"Concert

 and  Opera Halls" published by the A.S,A.
He  wrought  the same  theme  i.e., 

`apparent
 souroe

width'  (ASW) is composed  of  the  early  sound.

"The

 larger the  better." I would  like to comment

against  his description. When  large amount  of

lateral reflections  arrive  early  time  after  the direct

sound  we  can  really  feel a  source  size  is broadened.
However,  I would  like to  ask  

"Why
 is that  better ?" !

If by shutting  one's  eyes,  the sound  ofa  yiolin  would

seem  to be broadened  to equal  the size  ofa  fu11 stage,

I can  not  be comfortable  with  the  resulting  quoer-
ness, unnaturalness  or  a  sense  of  incompatibility

that I would  feel. It is most  obvious  at a  solo

performance, I think  interaural cross-correlation

ceeMcient  (IACC), the measure  of  ASW,  does not

imply the lower value  the  better, but the  IACC

              i03
NII-Electronic  



The Acoustical Society of Japan

NII-Electronic Library Service

The  AcousticalSociety  of  Japan

should  have the optimum  value,  Therefore, in my

opinion,  ASW  is not  the larger the  better, though  it's
detail is still under  investigation and  wiH  be present-
ed  in this meeting.25)

  Such and  such  discussions, the  assessment  or

evaluation  of  concert  hall acoustics  still generate a
lot of  controversy,  since  the  problem  is deeply
related  te  the subjective  sense  ofthe  rnusic  arts.  At
every  meeting  of  our  acoustical  societies  many

papers  on  concert  hall acoustics  used  to be present-
ed,  In this meeting  we  also  will  have a  fu11-day
session  

`tAcoustic

 Measurement and  Assessment in
Halls" on  this Friday, Further, "auralization,'

 the

use  of  computer  simulation,  recently  has been
increasing, lt must  be an  etfective  tool  for design-
ing a  hall, since  we  can  listen to the sound  in the  hall

before construction,  provided  that  the sound  be

completely  the  same  as  the  real  sound  of  the hall
after  completion.  This  afternoon,  we  are  going to

have a session  of  
"Demonstration

 in Auralization,"
and  tomorrow  morning  8 papers on  auralization

will  be presented  in succession.  FuTthermore, next

April an  International Symposium  on  Simulation,
Visualization and  Auralization (ASVA 97) will  be
held in Tokyo,  I've heard that  more  than  20 papers
related  to auralization  have  been  submitted,  We
hope  a  reliable  auralization  technique  will  be
accomplished  as  soon  as  possible.

  On  the other  hand, some  persons who  are  not

satisfied  with  computer  simulation  are  trying  to

have  a new  evaluation  method  fbr concert  hall
acoustics  with  real  sound  of  music  perfbrmance.
For  example  of  the first step,  Fig. 10 shows  two

positions of  a  timpani  on  the  stage,  You  can  find
the  importance of  source  position by iistening to the

reproduced  sound  recorded  at  these positions. The

           
-s----s---

 
N

Fig. 10 Two  positions ofa  timpani  (Pauken)
  on  a  stage.

I04

             J  Acoust  Soc. tipn.  (E) 18, 3 (i997)

music  is the  first page  of  the  score  of  J. Brahms
Symphony  No, 

'1
 as  shown  in Fig. 11. With

comparing  the  sounds  recorded  at  both positions of
a  timpani,  we  can  recognize  a miSsing  fundamental

at  position A,26) Then, we  can  understand  the

importance  ofthe  fundamental  tone  by playing with
a  contra-bass  and  by ensemble  with  an  orchestra.

  How  to design a  stage  on  which  we  have  the  same

sound  effect  with  the  same  instrument at every

possible location? Although  many  studies  on

stage  design have been reported,  the  design method

is not  yet accomplished.  It seems  necessary  to clear

up  the  sound  diffusion on  the  stage.

  Regarding  the  diffused sound  field, even  though

the  reverberation  fomnula  was  derived under  the

Pauken  ln C-G

Vio]ineIVioline

 II

BratseheVioloncellKontrabaBEaitione-t-ps"rs!1

 -S5S

   Fig. 11 A portion of  lst page  of  the  score;j.

    Brahms Symphony  No. 1, Op. 68.
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assurnption  of  perfect diffusion ofthe  sound  field at
the beginning of  this century,  we  have not  yet devel-

oped  the measure  ofdiffusion.  A  design method  of

diffusers was  presented by M.  R, Schroeder2') and

applied  considerably  to many  halls or  studios,  but
its acoustic  features are  still under  investigation

regarding  not  only  diffusion but also  absorption.

Other design methods  fot free type  diffusers are  also

under  development,2S) as  shown  in Fig. 12. How-

ever,  we  must  still ask  
"How

 much  diffusion can  be
obtained?,"  

"How
 much  diffusion is appropri-

ate?,"  and  
"How

 to change  a timbre  with  how

much  diffusion ?." These troublesome  problemsof
cencert  hall acoustics  have  yet to be solved.

  As  one  more  technical topic, I would  like to

rnention  that acoustic  researches  of  materials  have
decreased. However, seund  reflection  characteris-

tics ofpanels  or  membtanes  are  undergoing  study.29)

We  are  expecting  to  have  information as  to  what

material  or  what  construction  produces which  tonal

quality or  tirnbre.  This information may  facilitate

noticeable  skill  in designing a  concert  hall, since  we

can  recognize  the difference of  the timbre  oC  fbr

example,  sounds  reflected  from a thin steel  plate and
a  wood  panel. Recently, the huge  spaces  of  sta-

diums or  domes are  often  built up  utilizing  large

surface  of  membranes.  The  acoustics  of  those

spaces, ofcourse  depend on  the characteristi¢ s ofthe
membranes,  for which  data did not  exist  until

recentry.30)  The results  of  such  research  are

benefiting people who  enjoy  events  in the domes.

3.3 For Handicapped or  Aged  People

  Not  only  the visually  handicapped who  rely  upon

auditory  inforrnation but also  an  increasing number

of  aged  people have  come  to understand  the enyiron-
ment  surrounding  them  under  different conditions,

What  kind of  consideration  is needed?  A  study  to

find a  better sound  environment  for the  visually

handicapped pedestrian3') will  

'be
 presented tomor-

row  afternoon.

  Regarding  the  aged,  the  effect  of  hearing loss on

speech  intelligibility has continued  to be researched

under  sponsorship  of  the Japan  Ministry of

Education,32} And  in practice, an  example  of  the

improvement  ofa  sound  systern  ofa  church  has been
reported.33}  From  now  on,  such  considerations  as

those  mentioned  above  shall  be important  social

issues in the era  of  a welfare  society  for the  aged.

3.4 lff Fluctuation of  Sound in Personal Envi-
    ronment

  lt has been nearly  twenty  years sin ¢ e  it was  real-

ized that the spectral  density of  fluctuations in the

audio  power  of  many  kinds of  music  or  noise  varies

approximately  as  1/f (inverse frequency).3`) Not
only  acoustical  phenomena  but many  natural  envi-

ronmental  factors are  fluctuating, e.g.  air  tempera-

ture, breeze or  wind  etc. We  know  the fluctuation

makes  us  comfortable  and  even  delighted. So far

we  could  scarcely  find research  on  such  fluctuations.
But recently,  a research  on  Physiopsychological

effects of  fluctuating sound  on  human  activities has
been presented.35) It might  extend  to a  general

measure  to evaluate  the  environmental  acoustics.

  Now,  let us  listen to an  exampleoftest  signal  with

famous music  
`Vivaldy:Four

 Seasons' in L. ch.  and

artificial  noise  with  same  fluctuation of  1lf in R. ch.
  This artificia]  noise  makes  us  not  so  disturbed. It

might  be usefui  for masking  noise.

4. FINALCOMMENT

  Both  public and  personal aspects  of`Lenvironmen-

tal acoustics  update"  have  been  reviewed  briefly.
The  environment  can  be defined as  the interface

between human  beings and  evcrything  surrounding

them,  i.e. the human  Psycho-physiological factors

and  surrounding  Physical factors. 1think  it seems

to be imperative to promote  Psycho-physiological

research  for developing envirenmental  acoustics,

  Thank  you  foT your  kind and  considerate  atten-

tion.
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