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ENGINEFRING AND SUBJECTIVE ASPECTS OF THE BINAURAL MEDIUM

A.I.E.F., Summer Session June 16th, 1953

By Fmery Cook

In about 192l somebody started practlsing what was
then engineering witchcraft involving two channels. We can
well imagine that in his mind at that moment was the image
of the two-eared mammal, They were two ears with a fixed
spacing, -- fixed because of course he was not interested
in producing binauralism for mice or for elephants, but
for himself, Nobody had invented a decent loudspeaker.
Fyverybody wore esrphones in those days and the original pre-
mise was right. But it was also premature by nearly 30 years,

Today we are not eperating a precious, easy and dis-
creet system of 6" microphones into 6" earphones. Does this
mean that the whole two-channel system is false? False be-
cause nobody can find a name for it? Perhaps we should go to
three channels to appease the dissenters and extremists, but
then we shall put dimensional s ound out of reach of the pocket-
book., Today, in the light of long-playing records, multiplex
broadcasting, tape and mass-produced low-priced equipment,
everybody can afferd binaural, -- from the cost standpoint,

Ne indeed. Having oncc learned about and understood a simple
two-channel system based on earphones, we must ncw move on to
practical and uscful binaural systems, even though the premises
on which they operate are all togethcr different in conception,

In every new engineering development, it secems we have
to guard against making of it a form of rcligion. Binaural is
a potentially useful and wonderful medium, and we must now re-
ject the binaural dogma of 20 and 30 years ago because it no
longer appllies today. But thesc days thc entertalnment market
is well supplied with alternatives., If you don't like TV,
there are 3-D pictures., If you dont't care for radio, there
are phonograph records., And if the binaural medium is to
serve 1ts function in cxeciting listeners and growing into a
mass medium, -- perhaps cven into an art form, -- it cannot
afford to learn by cxpcrience alone, it cannot blunder, for
in this way it will havc lest its market. 1Its listeners will
have rejected it in faver of one of the many alternatives.

In binaural today as rcproduced through loudspeakers
let us see what it is that we can do or want to do. What
premises can we act upon? Right away it becomcs a transpor-
ting medium, a number one magic carpet, If, for instance, we
want to wave the cloak and make to appear in the living room
a quartct or small cnscmble, or a dialogue of voices, we will
place the micrephones 6 - 15t apart in an acoustically dead
originating studio, and work fairly close to the microphones,
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The violins will bc on the right, viola and cello on the left,
They will be right in the room, with the listener the moment
he closes his eycs, bccause there are no acoustics in the
originating studio, no reverberation pattern except that of
the playback room, The clese microphone technic in a two-
channel system brings the artists to the living room in the
flesh, It is a simplc and easily executed premise -~

premise # 1,

Premise # 2, the sccond magic carpct is not so easy
to climb onto and ride, but it is more interesting, more ex-
citing., It transports thc listener out of the living room
(the moment he closes his e¢yes) transports him into a ncw
acoustical medium, that of the concert hall, Papers will be
given, articles written, building up the basis for premise
# 2. Here, duc to lack of space in these pregrams, I will
simply try to outline the basic hypothesis as follows,

In a living room of ordinary dimensions, where acous-
tiecs are not too stoney or hard, with two loud speakers we can
rather accurately enlarge the acoustics to those of any bigger
room, such as a concert hall, Somewhat in the seme scnse as
enlarg1n§ a photegraph, or projecting a motien picture, we
"blew up" the dimcnsion ef thc acousties. Direcction and
depth-perception appear. Thc bcauty of speakcr reproduction
iz that it liberates the binsural listecner, A system proper-
ly installed lcts him wander around at will within the room
and still be expericncing the full cffect of binaural, Let
us talk about the living room for a moment, There arc wide
migconceptions about thc criteria for two-channel reproduc-
tion of dimensional s ound through loud spcakecrs placed in a
room. What are the criteria?

Speaker spacing is not a criterion at 8sll, just so
long as it 1s not less than about 3 feet (as wc shall see
latcr on). We have a selld geometry Of variable parameters,
Let us name thc paramcters, Acoustical reverberation time
of the living room is onc, The dcader it is acoustically
the farther we may get away from the seund sources and still
be satisficd binaurally., Spcaker spacling is another para-
meter, and average listening distance is another, But the
farther away we want to get in a decadish room the farther
apart the speakers must be, Therefore, specaker spacing is
not a criterion; the anglc subtcnded betwecen loud speakers
at the averagc listening area must bc the rcal eriterion.
Fxpericnce has shown that this angle must not bc less than
45 degrees for a modcratcly well acousticized room with
drapes, rugs and upholstecrcd furniture., More anglc is all
right lcss angle is a binaural cemprimise,
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In erder to talk about this subjcct wc have to inrso-
duce and definc ncw tcrms such as acoustical dispcrsions in
the concert hall, reverberative distribution or reaverberation
pattern, and reverbecration-to-signal ratio, -- somcthing
akin to signal-to-noisc ratio, execcpt that it is a funection
of frcquenecy. We sample two discrect points in an acoustie
medium where artists are performing. The sampling is defined
in terms of rcverberation-to-signal ratio and in terms of time
differentials.

What new information do we have binaurally that we
did not have bcforc? We are able to produce information in
the form of comparisons, basically, which 1s all the six inch
binaural ears cver did., Comparisons of what? Not phasc,
Phase comparisons are impractical and unnccessary; and ear-
phones are uncommercial., Comparisons bctween signal to re-
verberation ratios ab two discrect peints, ( which are rcpro-
duccd in the living room in two new discrcct points ) -- and
comparisons of timc, i.e, time diffcrential,

The ecomparison basscd on time rcduces to gero unlcess
the microphones arc spaced at least 6 feet apart, and this is
a minimum. Thec rcason for this 6 fcct as a 1limit is very
basic, harking back to the original physiological drsign. Too
bad our Darwinian derivation didn't producc & hcad, say twice
as wide, TUgly ¢f ceurse, but at lcast thc audio enthuslast
would find himsclf hearing lowecr frcoguencics,

Revicw a bit., The 1,000 cycle wave lcngth is 1 foot.

The half wave length is 6 inches, The region of maximum phase
detecting sensitivity of two human cars correcsponds to this
region in the spectrum. It is also ne coincidencc that max-
imum scnsitivity comes in here, too, The samc is true for
any maemmal, -~ all depcnding on the car spacing, Bats and
mice have the¢ same thing happen at 12 - 15 ke, No wonder
elephants trumpet., So far so good. At a frequcncy 1/10th

of this amount, -~ namecly 100 cycles, the dircctional phase
detecting ability of humans disappears for all practical
gurggscs. Why, -- becausc they cannot determine the difference
n time,

In reproducing binaural throug: loud spcakers, thcrefore,
two concrete deducti-ns may be drawn, The speakers should not
be closer than 6 fect beforc some potential binaural informa-
tion 1s lost, becausc 6 feet 1s a half wave length at 80 cyeles,
The microphoncs must not be closcr than 6 feet unless the
acoustical environment (premise # 2) of making binsural-pick-
ups is of no impertancc, -- because in so doing, time differen-
tial information will be largecly lost. It will be lost not at
100 cycles alone but everywhere on up the scale., We don't have
the time to go into it herc in mathematical d ctail but it
follows very well if we sit down and think it through.
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In order to cxcrecisc to the full a full binaural po-
tential, we have to analyze agaln the effcct eof reyc?beration
psychologically on the listener, For the mathcmaticians as
a basic hypothesis, we propose te trcat this effect of rcver-
beration as an intcgral function., It appears that the psycho-
logical effect on the listiner of reverberation may be ex-
pressed somewhat as follows:

20 0
Reverberation effect - Rc = k‘j; ’BQf) af c.eee... (1)

For any given spot ( of microphone placement ) in the.room,
the function of frequcncy may be the 1/eth reverberation time
for cach incremental frequency, a complex function in itself.
Phasc may be ilgnored electrically at all but the lower fre-
gquencies, but not ignored acoustically at all,

It 1s casy tos ce from the direction ef this approach
that the cffect of reverberation is very parallel to white
thermal noisc, -- on a per-cycle basis, rather than a per-octave
basis, The practice of acousticizing studios so that rcver-
beration is as constant as possiblc with frequency is basically
all wrong, always was wrong., The distinction here lies in
the method of assaying the value, -- the effect of reverberaton
on the mind of the listcner. The listener's car and mind does
not hear the flatness or pcakciness of a reverberation vs
frequency curve, The right kind of music may well point his
mind's eye to curvecs of a different sort,

Reverberation of high frequencics, therefore, pulls
the teeth out of the specch, ruins the intelligibility,
because the reverberation of the sibilant (so to spcak) in-
terferes, reiterates in the wrong syllable at a later time,
The rc®erberated transient hinders, -- it does not help.

In music it is the same, The transients are the only
things that give meaning to music. Without them we could re-
place< thc orchecetra with a vastly cheaper array of theremins,
Perhavs even enginccers could play them, Timing is of the
essence for musical transients, Interfercnce by reverberated
transients makes music sound confused, strained and strangely
unpleasant, as many discriminating listeners have testified
in listening te originations of orchestras from "flat" studios.,

What has all this to do with binaural? When we listen
with two ears in a concert hall te music, wc hear a basic
proportion of reverberated musical vowels to direct musical
vowels depending upon where we sit., This gives us an idea
of the dimension and acoustical character of the hasll, com-
patible with the visual impression, Direction is imparted by
triangulation mainly through the workings of thc unreverber-
ated transients, for the car is most dircctionally scnsitive
at 1,000 cycles and above, (The point where eer spacing is
% wavelength. ) For this purpose we may definc transicnts as
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unrepetitive signals with substantial components lying in a
frequency range above that wher¢ the aspect of musical pitch
is apparcnt. Rather than try to define a specific gcomctry
for justifying binaural tcchnics in a wide varicty of un-
specific conccrt halls, let the main direction be as follows:

(1) Assumc loud speakers at least 6 feet apart for
the potentiel playback condition ( although if they are only
3 feet apart wec still have 807 effectiveness ) Assume a mini-
mum listener subtcnded angle of 45 degrees.

(2) Place the talent in thc room or studio in a way
that would nct be unnatural for them were an audlence there,
If the room is not onc which would be natural for audience
listening, beware of making a binaural recording there.

(3) Distribute the microphones in pairs on the
"gudicnee™ sidc of the talent at such a distance as to pro-
duce the dircet vs rcverberated ratio desircd for the effect
to be produced.

(L) Space the microphones in such a way as to reccive
in proper time-phasc rclationship the transient osutputs of the
various instruments, so that a maximum of dircctional intelli-
gence 1s impartcd to the rccording.

(5) Usc microphoncs that arc capable of recording
transients in thc first placc,

I would like &t this point with the permission of our
honored chairmen to bring you a bit of audio folk lore. The
field of audio is getting so far away from the basic unimpas-
sioned enginecring aovproach that I can sec signs of the build-
ing of a tradition,perhaps ethnologically therc may yet be
hope for us. Let us wind up this session, then, with a binaural
parable,.

Binaural by Parable

Once upon & time there was a great dungeon dcep under
Danncmora castlc. It oftcn had becn used for the medieval
purposc of corrective polities, but now it was populated only
with mice, -- many, many mice. The dungeon was pitch black,
with not a singlc gleam of light, and in order to survive, the
mice had to perecive binaurally the direction of approach of
the castle cats. Wherever the cats would go in the inky pit,
the prey would have just departed, leaving the smell of mice,
but no cdible mice,




