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SUMMARY 

A practical. binaural  recording  unit was designed and manufactured t o  extend 
the  present day high quality sound recording-reproducing equipment develop- 
ment So as t o  u t i l i ze  some  of the  benefits   inherent in a stereophonic system. 

A review of theoretical  factors  involved in binaural sound recording and 
reproduction is presented,  with a description of the   t echnica l  equipment 
developed t o  provide a high quali ty binaural system consistent  with  reason- 
able 0;verd.l equipment cost. Some novel  problems and effects  encountered i n  
the development program, as  well as experiences with binaural recording 
techinques i n  the   f ie lds  of radio  transmission,  court room recording, and 
test  instrtmentation,  are  described. 

BINAURAL H3LYING - DESIGN OBJECTIVE 

Binaural  hearing  ability has  been granted t o  most l iv ing   c rea tures  in order 
that they may be well adapted' t o  f i t t i n g   i n t o  a three2dimensiond  world and 
t o  provide them with sufficient  protective mechanisms t o  increase t h e i r  
chances of survival. Binaural hea rhg  is a valuable  sense which furnishes  
the   l i s tener  with not o n l y  direction of sound origin and a measure of t he  
distance  to  the  somce,  but a l s o  a general  perception of the  environmentd 
smroudings  in which the listener  finds  himself when the sound is emitted, 

Present day high quality sound systems are  nearing  the  peak of monaural 
perfection. It was believed  that  considerable  public interest  could be 
developed i f  an enhanced method of l i s ten ing  were provided. It was there- 
fore  decided t o  produce a simple, practical ,  low-cost c o m r c i a l  binaural re- 
cording-reproducing system. 

THE MXCfiYISM OF AUDITORY PERSPECTIVE 

It is t o  be  noted tha t  a humants ears and bra in   cons t i tu tes  a d i rec t iona l  
computing system based upon the i r  phase and amplitude  sensitivity. This 
dual system  has a sensi t ivi ty  versus frequency  cross-over  area  determined 
as follows:  the average low frequency ear phase s e n s i t i v i t y  is from the 
lowsst  frequency of sound detection up t o  approximately 800 t o  1000 cycles 
per second. The sensitive  transducers of each ear   furnishes  data t o  the 
brain computing system, which allows a perception of  sound o r ig in   o r  d i -  
r ec t iv i ty  by binaural phase  comparison  over this  frequency  range. Above 
t h i s  frequency  range,  the wave lengths of sounc! are so  shor t   tha t  the ear  phase 
discriinination falls o f f  rapidly and no comparison above 1000 cycles i s  poS- 
sible. The amplitude of a low frequency sound below 800 t o  1000 cycles  per 
second i s  nearly  equal a t  both  ears  since  these long wave lengths   readi ly  
pass around the cranium obstruction wLthout amplitude loss. This means t h a t  

*Presented at the Audio  SessTon of the I@ Convention i n  Long  Beach, 
California on August 29, 1952. Manuscript received Deceraber 22, 1952. 



the   e f fec t ive   ear -menta l   sens i t iv i ty  t o  q l i t u d e   d i f f e r e n t i d  falls off 
r ap id ly  below 1000 cycles  per second, In the  region above 800 t o  1000 
cycles  per  second,  the  amplitude  sensit ivity of each ear becomes important. 
The physics  of sound propagation i s  such that  frequencies above 1000 cycles 
a re   a t tenuated  by passing around the cranium. The ears1  amplitude sensit ivi-  
t y  range  continues up to  the  highest  frequency  perception limit, which 
allows  directional.  computation by  amplitude comparison  between the two ears. 
The ampli tude  sensi t ivi ty   range of the  ear i s  of  course  defined by the 
dpamic  volume range shown in the standard Fletcher-Humon  hearing  curves, 
modified  by the room masking l eve l  (Reference #1) ., 

The o v e r a l l  computing  system f o r  direction i s  therefore  quite  effective 
from the lowest  frequency t o  the  highest  frequency of sound perception. 
Figure 1 shows diagrammatically  that high frequencies  strike  the  nearest 
e a r  t o  the sound  source with full amplitude, but effectively  pass by the 
cranial obs t ruc t ion   wi thout   s t r ik ing   the   fa r   ear .  There i s  a l o s s  i n  the 
order  of 30db a t  10 kilocycles between the  near and the far ear   for  sounds 
or ig ina t ing  on the  a s  of the ears. Low frequency sound s t r i k h g   t h e  near 
e a r  passes r e a d i l y  around  the  cranial  obstruction so that   there i s  only a 
3db loss between the  near ea r  and the  far   ear .  

It may be shown t h a t  the portion of the normal auditory  perspective due t o  
phase   s ens i t i v i ty ,  is  re la ted   to   the   d i s tance  between the hwman ears. Under 
the cond i t ions   t ha t  an observer  has a between the ears distance of 6.78'$ 
and with a speed 
f ,  t h a t  the ears  
half wave l eng th  

of sound in air of 1130 ft/sec.,  then the maximum frequency 
may compare phase on, without redundancy, i s  

; which is the  distance between the ears. 

If 1 : 6.78 x 2/12, then f = 1130 = 
1 

equal t o  a 

. -  

m ll-3' x 2/12 = 1000 cycles  per second 

This then  is the maximum possible  frequency  for  binaural phase detection. 
Average sound sources possess frequencies  both below  and  above the cross- 
over range of 800 t o  1000 cycles. The l is tener   therefore   locates   the  direct ion 
of  such a combination sound source  by both phase and amplitude methods. This 
enables  one t o   d e r i v e  a very  accurate angular localization. 

Two methods are a l s o  avai lab le   for  measuring the  distance from the  l is tener  
t o  the sound source..  Since  the  phase shif t  of sound o f  a given  frequency 
i s  a func t ion  of both angular location  as  well  as  distance t o  the  binaural 
l i s t e n e r ,  a measure of t he   d i s tmce  t o  the sound source i s  available t o  the 
mental  computer when the  source  to   l is tener   dis tance i s  small. Experience 
i n  l i s t e n h g  results i n  an a b i l i t y  t o  measure the   dis tance  to  a sound source; 
the  mental  computing mechanism calculates  the  distance by comparing the 
r a t i o s  of the amplitude and the  phase of  the  direct  sound to  reverberant 
sound reaching  the ears. This is, of course, dependent upon  room acoustics. 
Experience in a given room, o r  Wawareness" of i t s  characterist ics a l lows the 
r a t i o   t o  be  measured  automatically. 

LISTENING METHODS 

The human being, who has been  given this wonderful  sense of binaural hearing, 
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achieves a false auditory  perspective when monaural recordings  are  played 
back. Re-creation of  an original sound f ie ld   varying i n  amplitude and phase 
i s  accomplished by means of  stereophonic  recording and reproduction. This 
term  nstereophonicn was developed to   descr ibe a system  for  re-creating at 
any plane i n  space,  the  passage of an or ig ina l  sound f i e l d  with both correct 
amplitude and phase relationships. M a n y  years of research and experimentaaon 
have shown tha t  a very  satisfactory  re-creation o f  sound could  be  achieved 
through  the  use of a recording  system u t i l i z i n g   t h r e e  microphones and three  
sound tracks, which is  then  reproduced at a later time  through a sound system 
terminatdng in  three'loud  speakers. The mechanisms of such a system are 
currently well known, however, because of cos ts  and technical  complexities, 
they  are  not in present  use t o  any great  commercial. extent. True stereo sound 
is qui te   d i f f icu l t  in technical achievement, and is  comparatively  costly i n  
the forms which have been demonstrated to   t he   pub l i c   t o   da t e ,  Both s te reo  and 
binaurally reproduced sound have the   charac te r i s t ic  of apparently  placing the 
l i s t e n e r  in the o r i g i n a l  sound f ie ld .  It is th is   psychologica l   e f fec t  w h i c h  
contributes so much t o  the  realism of the  reproduced sound. 

Earphone sound possesses more binaural enhancelnent and apparent   f ide l i ty   than  
does binaurally reproduced  loud  speaker sound due to   t he   i nhe ren t  sound i so la -  
t i o n  given to   t he   ea r s  by earphones.  Experiments and tests with binaural 
loud  speaker  reproduction were carried  out, and while it was found that some 
stereo  deterioration  occurred, it was possible   through  careful   d i rect ion and 
placement of the  loud  speakers t o  achieve a considerable improvement over 
monaural reproduction.  ,Excellent  loud  speaker  listening can be  accomplished 
by spacing  the two reproducer  loud  speakers and t h e   l i s t e n e r  a t  the  corners 
of  an isosceles   t r iangle ,  of perhaps 8 t o  1 2  f e e t  on a side. A somewhat larger 
listening  audience may be accomodated by spacing with as nnkh as 25 foo t  per 
tr iangle  side; however, as  the  distance is increased,  the  effective sound 
directivity  decreases,  so tha t  binaural listening suffers due t o   t h e   l a c k  of 
i so la t ion  between the sound channels, 

Lis tening  tes ts  with such a system brought t o  light, an i n t e re s t ing  phenomenon 
due t o   t h e  mental  correlation of t h e   s t r i c t l y  random background  noise  pulses 
(nhisstf)  present i n  the  separate sound channels. The result   of  the  mental  
correlat ion was tha t  focused  l istening  attention was directed toward  apparent 
spacially  localized  noise  sources. This resul ted i n  the  subject ive  ra is ing 
o f  the background noise  level and a coarsening of the apparent  noise source. 
The random nature of the o r i g i n a l  white  noise was effective3.y  disturbed by false 
phase and amplitude  coincidence, as correlated by t h e   t o  produce  apparent- 
l y  localized sources of noise. 

SPACIAL DISTORTION 

Spacial  distortion, a form of dis tor t ion which i s  r a r e l y  mentioned and seldom 
commented upon, i s  the  spacial   distortion of  a spacially disposed  multiple 
sound source. Focused l is tening  a t tent ion may be directed  toward  spacidlly 
disposed  sources so as  t o  sort out sound as much as 13db  below the  general  
noise background so as  t o  secure i n t e l l i g i b i l i t y .   L i s t e n b g   t e s t s  on monaurally 
reproduced.sound shows tha t  it is d i f f i cu l t   t o   concen t r a t e   t o   t he   po in t  of de- 
tecting  the  intell igence  content o f  a single sound present i n  a general ly   noisy 
background. 
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A SUIF'LE BINAURAL SYSTEM 

Figure 2 shows a binaural  sound Wstem  complete  from sound or iginat ion i n  
microphones,  through  amplifier  including  pre-equalizer,  recorder,  tape, 
playback amplifier including  post  equalization,  loud  speaker system, and 
list'ener. Microphone placement  techniques  for  binaural   recording vary 
somewfiat at  the   present  due to notable  divergencies of opinions.  This i s  in 
p a r t  caused by cha rac t e r i s t i c   va r i a t ions  of I both microphones and loud 
speakers, as well as t he   e f f ec t  of the  acoustics  of  both  the  pickup point  
as w e l l  as the  reproduction room. 

The simplest  binaural  system for obtaining  correct   resul ts   should obvltously 
use microphones whose' pickup  patterns  approach  that  of a normal, human ear. 
This can be  accomplished by using so-called  non-directional  or  semi-directional 
microphones, which ac tua l ly  do have some di rec t iona l   pa t te rn ,  and monnting 
them pointing s l i g h t l y  outward on either a ide  of an acoust ic  septum, which 
represents   the  cranium obstruction. This microphone  system is  the  equivalent 
of a t heo re t i ca l  binaural l i s t e n e r  and faithfully picks up sound for   binaural  
s t o r a g e 6 i n  a tape  recording system; the  signal reaching  each microphone being 
s tored  separately,  The techniques of modern tape  recording  are such t h a t  a 
number of  commrcial machines a re  currently using half   the   area of 1/4" p las t i c  
base w e t i c  tape  for  high  quali ty  speech ard music recording. T h i s  means 
that each half of the  tape can be used for   s tor ing  the  information  der ived from 
a s ing le  microphone  and amplifier  channel, which allows a true  binaural  record- 
ing System t o  be  developed. 

A dual amplifier system was b u i l t  t o  record o r  reproduce  using this mechanism. 
When the  recorded  material  is  rewound and  played  back  through  the two amplifiers, 
which a r e  also maintained as entirely  separate  channels,  and the outputs are 
fed independently t o  speakers, a c o q l e t e  binaural recording and reproduction 
system is obtained. A second method of audible  reproduction i s  provided f o r  
by connecting  each  reproducing  channel to a single  earphone in an especial ly  
designed  binaural headphone se t .  

THE TAPE TRANSPORT 

The development of a binaural tape  transport   from a standard Piagnecord 
PT63-A was pgssible, becaue this basic unit incorporates an assembly of three 
magnetic heads.. The tape passes i n  succession  over an erase head,  recording 
head, and a tape  monitor  head. The fu l l  track recording and tape  monitor  heads 
were simply replaced  with  half-track  recording  heads  arranged t o  record on 
opposite  edges of  the  tape. This, of   course ,   sacr i f iced   the   fac i l i ty  of 
mOnitorEng from the  tape  while  recording. However, t h i s  was not thought t o  
be a serious l o s s  because of the r e l i a b l e  nature of magnetic  recording. It 
was poss ib le   to  add the  60kc record ing   b ias   c i rcu i t  of the  second recording 
head i n  ser ies   with  the  erase and t he  first recording  head  without  materially 
Changing the c i r c u i t  impedance and upsetting the 60ktz b i a s   o s c i l l a t o r  circuits. 
T h i s  was allowable because  the main impedance of this s e r i e s   c i r c u i t  is the 
erase head, the  recording bias  whding being a very small impedance. Using 
this arrangement, it vas therefore only necessary t o  supply  proper  pole  pieces 
and t o  reconnect  the  tape  transport 's   internal wiring i n  order t o  accomodate 
the second recording channel. The exis t ing   p lug  and receptacle  arrangements 
were such as to  automatically  maintain  channel  identity between  tape transport 
and amplifier units. The half-track  recording  pole  pieces were made by cut t ing 
away s l i g h t l y  more than  half  of the standard Mumetal pole  pieces and solder- 
ing i n t o  place an equivalent  size brass inser t  t o  fully support the tape. 



A new portable  dual  record-reproduce  amplifier unit was desigmd, incorporat- 
ing the  characteristics of existing  recording  equipment  amplifiers, except 
that  miniaturization  techniques were employed i n  order t o  package t h i s  unit 
in the sane space as previously  occupied by a s ingle  channel amplifier. The 
special  features o f  t h i s  dual  amplifier unit include individual illuminated 
VU meters f o r  emh  channel,  individual  channel  gain  controls, and a single 
(dual)  overall master gain control which simultaneously con t ro l s   t he  gain of 
both channels, a special  binaural headphone receptacle,  and a s ingle   pane l  
mounted monitor speaker with a unique volume control. This volume c o n t r o l  is 
S O  arranged t ha t  the speaker i s  off when the  control is at i t s  cen te r  position. 
iWimW loud speaker volume fqr the  one channel i s  obtained with olockwise 
Control rotation, and maximum volume for  the  other  channel i s  obtained with 
counter-clockwise rotation. 

The individual  amplifier  tube  lineup  consists of two 5879 ' S  followed by a dud 
triode l2pX7, the second ha l f  o f .  which is an i.nverter d r i v b g  a pair of 
p ~ ~ h - p u l l  6AQ5 tubes, A multiple  section  shielded  selector-switch switches 
the equalization and input-output  connections  simultaneously f o r  both ampli- 
fiers in order t o  change the unit function from record  to   playback.  A 
full xave selenium rectifier  provides DC filament power f o r  the input tubes- 
The two independent 10 watt a.mp1ifier outputs are provided with nominal im- 
pedances of 4 and 16 ohms, as well as a 600 ohm balanced  connection at p l u s  
kdbm. Pre-and-post equalization i s  used i n  order t o   y i e l d  a f l a t  response 
f r o m  5'0 cycles t o  lskc, plus o r  minus 2 db at 15 inches per second  tape  speed. 
An optional  equalization  facility i s  provided t o  allow operation a t  7-1/2 
inches per second with a 50 cycle   to  7,Skc plus o r  minus 2db response , A 
signal t o  noise ratio of SOdb may be  achieved with t h i s  equipment. A 3sdb 
Sign& to cross-talk ratio between channels  caused by magnetic coupling OCCUI'S 
a t  50 cYcles,but drops with frequency  increase until it i s  below the tape 
noise at  around 100 cycles per second, 

Since accurate  binaural  localization depends t o  a considerable  degree upon 
anplitude coMpmisons,a means o f  electronic  balancing of both t h e   r e c o r d k g  
and reproducing circui ts  is provided  through  the  use of a ca l ib ra t ion  button 
which introduces  a 6Ocps signal simultaneously i n t o  the first stage of each 
of t h e  amplifiers. The individual  channel gain controls  may then be ad- 
justed t o  yield equal W meter readings. When recorded, this cSL i b r a t i o n  S i W i f i  
allows balancing of the playback amplifier gains i n  a similar manner. 

EQUIPMENT APPLICATIONS 

The first binaural. experimental u n i t s  were b u i l t  f o r  an automobile manuf~~turer 
for laboratory and f i e ld  use. Additional. units were b u i l t   f o r  demnstration 
use t o  acquaint the public with t h i s  new medium and t o  f 'feel-outfr  the Possible 
market applications of the equipment, In  the first public  demonstrations of 
bhamal ly  reproduced music and a unci, it was not possible t o   p r e s e n t   t h e  
technical usefulness o f  t h i s  device and t o  po l l ' t he  research workers p r o p e r l y  
since such a large group of  music lovers invariably  gathered so as t o  Con- 
pletely prevent adequate demonstration  of  the  equipment t o  t echn ica l   pe r sonne l .  
It has therefore been necessary t o  carry out considerable  specialized work 
investigating the  different  f ields of application.  These  endeavors are de- 
scrft.ed in the  following  parqraphs: 



POLICS 'iGEiY, 

Police arid Secret  Service Departments  have begun t o  d e  use of binaural re- 
ccrding techniques for sur rep t i t ious  r eco rd ing  since this method O V ~ I T O ~ E S  
d l  accepted  methods of masking voice i n t e l l i g i b i l i t y .  A nor1aur.d record- 
i n g  system carlriot overcome background noises,  the running of water, the 
turning  up of r a d i o  volllrie, e tc .  A binaural system  permits spacial  location 
o f  the  maskkg source and al lows focused l i s t en ing   a t t en t ion   t o  be directed 
to   the   in te l l igence   source  so as t o  achieve i n t e l l i g i b i l i t y  under all of 
thpse conditions. It has  been f o u d  t h a t  it i s  possible t u  obtain corn- 
p l e t e   t r ansc r ip  t,s f ron recordings m d e  under  conditions where prevl.ously 
nothing useful cou1.d be obtained. 

-- 

COURT RGCM REPORTING 

Court r e p o r t i n g  is an exceedingly i p o r . t u l t  application of binaural  re- 
cording equipment which assures accurat,e court  records, incluciing rnakirg a 
pos i t i ve   i den t i f i ca t i cn  of persons i n  the  court  room. A study o f  monaural 
court; report ing has been carried. out, by Nr. aay Hurst (Reference # 6),  
who has c l e a r l y  shown t h a t  court  records a r e  often a t  variance  with wha,t 
actual ly   t ranspires   because cour t  cl.erks are unable -to follow testimony  fast  
enough to accurately  transcribe it as it i s  presented.  Often  the c lerk 
may hear  something wrong ami can also be gui l ty  o f  making obvi.ous mistakes. 
On one occasion, t o  our knowledge, it has been  necessary to   r eve r se  a wri t ten 
court   record which  occurred due t o  a s tenographic  error .  We have fa l laxed  
up this  original.   nonaural  recording W W ~  by making binaura l   record ings  i n  
t h e  State of Wisconsin  Circuit  Courts. The r e s u l t s  achieved in recording 
ac tua l  court room procedures were more than grcrtifying. By properly d i s -  
p o s h g  the microphones, excellent b b a u r a l  recordings were made, which re- 
su l ted  i n  100% i n t e l l i g i b i l i t y  on playback, even when as m a r l y  as three  people 
were t a lk ing  a t  once.,  e. g., the  State's  Attorney,  the defense attmney, 
and the  regular   court   reporter ,  who was i ~ q u i r i n g  concern9ng  somethin& which 
he  had  not  heard well. 

Experimental  court mom set-ups  for   the microphone locakions resu l ted  i n  
placing one s l i g h t l y  i n  f ron t  o f  t h e  int ,ersection of  the Bench ard 
the   witness 's  chair, and the other a t  t he  corner o f  the counsel ,ta.ble about 
1s f e e t  from the  first ~Lcrcsphone. This lncztcci the judge  and witness ne= 
one microphone, while the  two attorneys'  posj.tAons were relati.vely  close to  
the second  microphone. The usual court3 m o m  distract4,ons went  on throughout. 
the  recordi.ngs;  extrmeous  noises i.nclucied the bu i ld ing  r z c 5 z t o r  noises,  
r a t t l i n g  of papers by court, reporter  sjrkcl judge, coughing of people: throughout 
t h e  room, etc .  The excellent  resul ' ts  obtained have caused other court,s t o  
begin preli.rninary studi ts  of t h i s  rn6:cl.j tun. 

RECORDING OF HXARINGS 

Another  use of t h e  binavral recorcijr~g msChcd is found i n  recording the 
proceedings of l a rge  Commissi.c..ns where discuasi.ons m a y  be or..i.ginated from 
any position  throughout a large greup of people. Tests were made i n  hearings 
before  the Public, Service CamAssi.c:n of Wiscorisin, i n  a room,perhcips, 25 x 50 
f e e t  in size .  Specdres came from all p a r t s  of t h e  room. The .IlicrcjphOmes 
were placed in one end of the r c m m  about 15 fee t   apar t ,  near t o  the  pre-  
sia. ing member of t he  Conmission. It. was found in these tests that complete 
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wers t a l . d ing  was had during p l q b a c k  of eve ry  speech made throughout t ke  
Appearances with the  exception o f  speeches  xhich c a m f r o m  t h e  c o u r t  reporter. 
This man did not  speak plainly, and could naL be u n d e r s t o o d  in t h e  room at  
the tine when the  o r ig ina l   r s co rd i r~gs  were made. A l l  speeches ,  even those 
coming f rom t h e  rear o f  the room, showed a high degree o f  i n t e l l i g i b i l i t y ,  which 
was not  found when o n l y  monaural reproducti .on of %he recordi.ngs was made- 

SYMPHONIC AND OilCHESTIiAL RECOFLDINGS 

MI0 BROAXASTING 

, ... 
1 .f .nt. 



EDUCATIONAL PROGRAMS 

Demonstrations  of t h e  usefulness of  this medium in audio-visual education 
p rogrms  have alrezldy disc . losed  that   the  t W d  dimensional  realism i s  of 
considerable  assistance in the c r i t i c a l  analysis associated  with  speech 
c lasses ,  band and choir pract ic ing,   dramatics ,   e tc .  The auditory  "l ivenessn 
i rhe ren t  i n  s te reo   loca l iza t ion  i s  a major step  forward in  t h i s   f i e l d .  Several. 
well h o h n  choi rs  and orchestras  now use th i s  system as an accepted  rehearsal, 
'tool 

RISENZCB APPLICATICNS 

For the  majority of commercial app l i ca t ions ,   b inau rd t s   u se fu lness   l i e s  in 
the  information  ident i fying  f ie ld  where information i s  norm 1ly obscured 
or* masked by a multiple sound background as reproduced by a monaural 
system. One of the cu r ren t   f i e ld   u ses  of the  binaural   recording  system is by  
a prcminent  automobile  manufacturer, who has standardized  experiments  with 
the equipment t o  assist i n  jx lg ing   no ise   fac tors  i n  newly designed  automobiles. 
T a p  edi t ing  allows ready A-B tes t ing ,  so as t o  allow judgir-g between  auto- 
mobiles with a c r i t i c a l  view toward  improvement i n  design as changes a r e  made. 

Considerable research (Reference # 7 )  has  been  carried  out to %rove the  
flmuddytf sounding emphzsized b a s s   t h a t   r e s u l t s  f rom monaural  recordings o f  
engine  noises.  Deisel  engines as well  as  conventional  gasoline  autcmobile 
engines,both  indoors arid out,-of-doors,  were t e s t e d  yielding the same un-real- 
i s t i c  sounding recordings  with  monaural  systems. Road rumble recorded  during 
autom3tive  road  testing  with a monaural Wstern seemed t o  come from all di- 
rect ions  thus  effect ively  obscuring  the t e s t  information. Binaural record- 
Fng overcomes both the,se e f f e c t s  and through t h e  realism and a s s igmen t  of 
sound direct ion allms evalua t ion   tes t ing   to  be c a n i e d  out. 

A non-binaural  laboratory use of the equ.ipment i s  dual channel recording of 
simultaneous information and t h e  recording  of  separate commentary during a 
s iag le  channel  information  recording. 

- 

CONCLIUSICN 

In  t.he short  time since  the  introduction of t h e  commercial  binaural  recorder, 
it has  already  proven it.s usefulness. The s i n p l i c i t y  of the system  developed 
no doubt has contr ibuted  to  i t s  wide spread acceptznce. 
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