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Fesearch I es; idency

I- laving gained some exper ience with parabol ic and simple

conic rr- . f lectors for  sound focusing in : i rsyi6ys research with

r-r l t rasound, I  decided to use the opportuni ty of  th is research

to exp- lore two somewhat unusual  sound-focusin5'  techniques.

The f i rst  of  these techniques is based on an aerodynamic

rnoclel  of  sound propagat ion (rather than a wave model) .  I ' ig:ure 1

is a.  nhotogra-oh of  the exper imental  prototype speaker I  made to

test  th is technic lue. The dr iver (an Al tec 40lA B- inch spealcer) ,

horrsed in a wood enclosure,  is  loa-ded by a cyl indr ical  baf f le

i r r  wir ich is sr ts;penr)ecl  a 111ass br. t  lb.  Compressi t - rn air  f r - 'onls,  r )uo-

duced by 1;he dr iver,  f1-ov,r  around the bulb and form a conpression

airstream at the mouth of  the ba-f f l -e.  ( ' i 'h is same technique is

usr:d to 1>roduce a d i rec ber i ,  concel i t rated airstream at the ta i l

of  jet  eni l ines.  )  The enclosure is ducteci  to enhance low-frequency

response of  the system, ancl  the ducl .  and baff le are wrapped in

sound-absort ; i -ns f  iber:glass to rcduce di f  f ract ion around the 1ip.
t r i f r r l re 2 i .s a photolraph of  the prototype without the g, lass

bu.I l ;  and f iberglass,  reveal in,s the baff le and duct arranp;ement.

T'his moderl  was subjected to f requency-response tests at

1" meter both on- and of f -axis.  With secondary calculat ions,  I

used the frequency-response plots to obtain f igrres for  the

rat io between the on-axis and of f -axis levels across the audio

spectruml these f igures give a good lndicat ion of  the direc-

t iv i ty of  the prototype. I r igure I  is  a plot  of  these direct iv i ty

f  inrres af la inst  f requency for both the 1;est .  r rodel  (dotted l ine )

and the dr jver al .one j .n a ported encl-osure (sot id l ine).  The

plot  sfrowl;  tha'1.  in ' t l rc rc i j ion f rom 800 ' [o ] ,000 ] lz,  the test

modr ' :1 is s igni f  icant ly more direc bional  t l ' ran the dr iver al-one

on the ervera{1e, over I  t imes more direct iorral .  Tha' t ,  indicat iorr

v/as easi ly conf i rmed in subject ive l is tening tests:  the model

prodi ;ced, in that  f requcnc.y rarrge, a.  concen' [ r 'a Led sound beam
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'bhe boundar ies of  which one cou- ld c lear ly hear when moving

back anr l  for- l .h in f ront  of  the moclel .

The success of  th is prototype in th is f requency ran,o.e

suggests to me thaL a s imi la: :  uni t ,  sui tably proport ionecl

and damped arainst  physical  resonance (rvhich,  in the proto-

type, produced a Ioss of  low-frequency direct iv i ty) ,  may be
ef fect ive at  lo lv f requencies where other focus_in,q technioues

rul t  i  nt ,o prot . r lems with s ize l imi tat ions.

The seconcl  techniquc r  researched is the use of  a reso-
nant;  a j . r  chamber,  in the form of a i {eImholtz resonator,  ac+; i -

va1,ed by a comDression dr iver.  i r i . , . , l t r .e 4 is a photograph of  the

test  mode1, showinq the glass resonator and clr iver mounted
fortest ing.  r ' igur e J is a c l i roct iv i ty plot  for  th is model,

der ivecl  in the same rnanner as was the plot  of  F ' i3ure ) .  The
signi f  icant peak at  about 3700 t1,2,  which is the resonant f re-

el lcnsy r1 '  the air  charnl ter ,  indicates;  that  such a resonator is
indeed vel : .v direct ional  at  resonance, that  is ,  in a narrow band

around a s ingle f requency. The loss;  in direct ional i ty at  about

360 \ tz ( the . l ip in the curve),  whi .ch is the resonant f requency
of the glass bulb i tsel f ,  is  s imi l .ar  to the loss of  low-
freqtrcncy direct ional i ty due to resonance of  the baff le in the
other test  mode1, above; th is suggests that  such physical  re-
sonanccs must be darnped out in instruments constructed on
ei ther 6r these models,

A i 'er fe l :mAl1c- e !Vi l , -h A Digect ional  Lour lspeaker

In l iay t>f  th is year,  dur- ing a separate residency at  t , leci ia

S' t .udy/Rurfa7o, I  had t ,he opportuni ty bo rnake a performance

using a d i recl , iorral  . l  ouclspcal<er in an Lrnusual  acoust ic en-

vi , r 'C,r lntctr t . :  At- l  cnrrr  [ ,y indor, l '  ( )  lyrnl t iC-r ; iZr . '  Slv imrnln. ,  1roO.l  .  f . i lure 6

is;  a nhot.ograpl i  of  the d i rect ionat roudspcakcr I  constructed

f or 1.h is;  pr : r '1-ormarrC€).  I t  i l ;  a.  convenl ; io i ta l -  horn- loade:d com-

I)r ' ( 'sr ; iorr  r l r iver v lor ' l . t in, .  inLo a par. i r l . ,o lo i t l  r r : { ' lcc- t .or . ,  i ) ro-
r l r tc i . r r f l  a L;czl ln of  s;ound r .^r i th nominal  1y f  lat  wavef ronts.
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Tn t . l r , :  o iece, "Dr 'y j :oo l  i jourrcr in6rsr "  f  f  errr  th is speai ter  a
cont inuous train of  cr ic lcs (zo : ' .2 pulses )  and, hording and
aiming t ;he speaker,  moved slowly through the pool  a: :oa,  scarrning
the walIs,  f loor,  and cei l ing wi th the c l ick beam. The react ions
of the space to t ,he exci tat ion of  i l - re bearn were qui te complex,
Amonq other nhenomena, j rna. f res of  the c l ick in5: sound appeared
loca- l izecl  in di f ferent parts of  the room; sof t  melodies in har-
monic intervals we.re aucl ib le not in the roon),  but  local izeci  in
the ear of  the l - is tener.  r  used my movements in the space to
"play" 'bhese mel.odies as I  heard them.

Dtfeglle1s of Presenb e.f:g l lUlUre Work

At.  th is poi .nt  in the prd ject ,  my main E'oal  is  to appry the
knorvledre j 'a i .necl  thus far  to thc cons-t , ruct ion of  an ar.ray of
d j - rec t  iona I  . l  or"rc l  spea.kers cover j .n6l  bhe ent i i :e aud io rar) , f :e .  To
this end, J am now workin6'  ry i -n speaker c lesi l .ners at  Heyer
I : lound IaboraLor ies, ; ,  a cor lsulbing f i rm in San l ,eand1o, Cal i fo ln ia,
lo delrelon:

1) a.  focus;ed )ow-frequency speaker combining zi  resonant air .
column with an aeroclynami c f  ocusing device;
2) a lovr-mid f requency focuseci  speaker using the aerociynamic
pr: incip le ;

) )  a high-micl  f requency focuseci  speaker usinl  the Hel_mholtz
resonator pr inciple;

4.)  a l ' r i .p 'h-mid. f r : ' r :quency focusr, t r l  s i rcal ier .u l ; in1,  s1 i rybr ic l  c l r iver
and cornet:  ] -ef lector;

5) a high-frequency focused array using narabol- ic ref l -ector.s.
T ant ic ipate,  however,  that  these bools wi l l  evol-ve constant ly
in an en",9in," ' research, much as have the instr-umentar ]oud-
speakers used for "Rainforesj t . , '

lve now have col lected enough informat ion to produce an
ini  r ia l  grouping of  c l  i rect ionar and f  ocusin6,;  toudspeakers of  a
var iety of  t ,ypes, capable ol  var ious degr.ees and characters of
sound focusi .ng.  The t ,ask which r ies before us,  the use of  these
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tools interact ing in perforntance with each ot i rer  and with an

acoust ical  envi-ronment,  is  easi ly as complex as the development

of  the tools has been; i t 's  apparen'b that  these complex inter-

act ions must now be studied. That study, however,  can' t  pro-

ceed in a convent ional  laboratory:  i t  must involve a real  per-

formance space, and real ,  musical  s igpals.  I '4oreover,  only

€leneraL. concLusions may be reached, a.nd the pr: imary goal  of  the

research now is achievement of  a degree of  f lexibi l i ty  and

adaptabi l i t i ' :  s ince the character of  1.he interact ion of  a given

sound beam with a space is fundamental ly dependent on the charac-

ter: ist ics of  the space, the work or works we make must be re-

macle for  each space.

f i .y exper ience incl icates that the char-acter of  that  inter-

act ion is also dependent on the type of  focusing zrr-ran,1 cment

u.secl ,  &nt l  thc f r r :quency range in which i t  is  used. J t l i ink,

t ;herefore,  bhat the a.dopt ion of  a number of  d i f ferent focusing

techniques in r :vei : la1rpin,-  r :anfes can help us at ta in the necessary

f  - lexi t r i  1 i '1, ; r .  I . isr , .  of  aux j .11iary s i , "nal  processors sucir  as

plrais;cr  s; i r i  l " t ,crs; ,  arnalo5; r)c:1.a.ys,  : rct ive cror- ; r :over: ; ,  and so on

wi l . l  a. l  so increase our f  l  exibi l i ty ,  A c l .earer pi .cture of  the

effect  of  each of  these var iables wi l l  develop in pract ice.


