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Forty miles south of San Fran-
cisco, on a windy knoll over-
looking the choice farmiand
colonized a centuryor so 2go by
Leland Stanford — and turned
into a university by his wife—
sits a collection of computer
hardware, sofiware and diverse
human talents that likely qual-

ifies as the most sophisticated
musical instrument on the
planct. Already it is capable of
imitating a range of orchestral
instruments from violin to
trumpet so fiawlessly that not
even a trained musician can
hear the difference. Ultimately
the device will produce an un-

limited range of sound. Jts de-
velopers envision the day when
composer or performer will sit at
an organ-sized console—some
amalgam of computer terminal
and keyboard instrument—and
with the touch of a finger pro-
duce the sound of 2 16-voice

chorus. Or, perhaps, 2 16-collie |

chorus. Or any sound the com-
poser can imagine—and, quite
likely, some that he can't.
The entire venture bepan
with a fairly simple gquestion.
“Why is it,” asked John Chow-
ning. the energetic and person-
able composer/professor and
guiding force behind Stanford's
brand-new Center for Compu-

ter Research in Music and

Acoustics. “electronic sound
does not have the richness of
interest that exists in natural
sound?” In only two decades,
the unique tones of electronic
synthesizers have managed to
infiltrate nearly every facet of
popular music as well as spawn
an entirely new schoot of elec-
tronic composition. But the
unique can also become the
overly familiar and, as Chow-
ning points out, “Very often, in
clectronic music, one can hear
what's going on. You iearn to
recognize a filtered -square
wave. say, or a ring-modulated
sound. And so it loses a sort of
mystery. That's aot to say elec-
tronic sounds should be like
natural sounds,but there seems
to be some quality lacking.”
Nonetheless, ‘Chowaing—
who has worked with <ompu-
ter music for more than ten
years—believes the loudsqeaker
will be a major instrisment of
the future. And so he znd his
associates, who range from an
electrical engineer 10 2 percep-

- tual psychologist, have set out

to define those qualities that
have thus far separared the
-sound produced by semicon-
ductor chips and loudspeakers
from that of reeds. stri and
resonant chambers. Th: tool
—that “uitimate instruiment"—
is a roomful of computer hard-
ware called 2 PDP-10 and
worth close to a millien dol-
tars. “What we have for ghe first
time.” Chowning savs, ~is the

ability to control the musical
event from the most elemental
level to the most formal.” The
initial results of that ability
have’ attracted the rapt atlen-
tion of electronic musicians

in the last year, more than half
a million dellars in federal
grant money from both the
National Science Foundation
and the National Endowment
for the Arts.

With good reason. Deep in
the recesses of Stanford's plate-
glass and redwood Artificial In-
telligence Laboratory, one can
sit in Chowning’s tiny lab, sur-
rounded by Aliec speakers, and
hear a clarinet note—artifi-
cially produced by the compu-
ter but uncannily lifelike—
slowly mutate into a cello tone.
Just as soon as it is a cello, it
changes with cqual fluidity into
an oboe—and then into a
French horn, and then back
in circuiar fashion to the orig-
inal clarinet. And later. during
a Chowning computer conipo-
sition called “Turenas,” the air
fills with the sound of a tiny,
glasslike chime, wandering la-
zily around the room—and grad-
ually retreating to a distance
seemingly greater than the
bounds of the lab—until the
chime begins to change into the
sound of a thousand-pound
gong powerful enough to shake
the linoleum floor.,

The demonstration is hoth
amazing and discomfiting—
the aural equivalent of the
motion-picture technique that
transforms fresh-faced actors
into wolfmen. Yet the sounds
have such palpable realism that
one understands immediately
that the computer is in a class
by itself when it comes to fool-
ing the human senses. The sci-
ence behind this deception has

as much to do with what we
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can’t hear as what we can.

Chowning’s earliest work
was with distance cues: how
one tells where sound is com-
ing from and the dimensions
of the space in which it occurs.
“In an orchestra,” he explains.
“we have different distances
and angles. and a complete, re-
verberant field. All this seemed
to be missing in electronic
music, because whatever 1 did,
it came from the same poini—
absolutely without character as
far as presence was concerned.”
After several years of research,
Chowning developed a combi-
nation of computer-generated
reverberation and doppler shift
(the velocity-induced change of
pitch one hears, say, in a pass-
ing train whistle) that could
produce’ the sound emanating
from wherever the composer
cared to put it—even, by al-
tering the reverberation, from
somewhere outside the room.
Chowning could, moreover,
make it seem the sound source
was moving—not simply in the
ping-pong fashion of stereo and
quad demo recordings, but in
terms of three-dimensional
space.

Unfortunately, the four-
speaker blend of constantly
changing information is hide-
ously complex. That's where
the computer comes in. Chow-
ning demonstrates by sitling
down in front of a bright green
cathode-ray tube and using a
light-pen (a pencil-shaped
probe that allows one t0

" “draw” on a computer screen)
to sketch, electronically. a com-
plicated swirling pattern of
sound motion around a graphic
representation of the listening
space.

“If we tried 1o plot the con-
trol patterns for that, for each
of the four spcakers,” Chow-
ning says. “it wouid be impossi-

bly complex. But the program
here docsn't care.” He types a
brief command on the keyboard
of the computer terminal, and
in a momen the scroen dis-
plays graphs that describe pre-
cisely the amplitude and fre-
quency changes required Jor
each of the four speakers, over
time. When those anstrsetions
are fcd to.the speakers control-
ling a-set of quict bell tones,
the location of those befls scems
to follow, exactly, the paltern
that Chowning originally
sketched. “The result,” he con-
cludes, “is to liberate sound
from the loudspeaker.” N

Commercial quad is an eb-
vious market for this sort of su-
per-real simulation; Chowning
and an associate arc consider-
ing an album of Chowning’s
computer compositions. But
the product may be too far
ahead of present packaging:
most quad-encoding systems
have “holes”—points of infor-
mation loss—that might render
Chowning's localization mcth-
ods less effective. Chowning
himself is not sure how much
information must be retained
for the illusion to still operate.
“When Columbia was testing
different systems for quad a few
years ago,” Chowning says,
“they took some of our tapes
for subjects. We still haven't
heard how it came out.”

It's not difficult to accept the

fact that a computer can create

the illusion of moving sound
and reverberant space: what is
striking is just how effective that
illusion can be. But how does
one make a synthetic clarinet
tone? Beuer vet, how does one
make a clarinet turp into 2
culio?

The process begins with find-
ing out how a real clarinet tone
works, When Chowning's re-
search associntes, John Grey
and J. "Andy” Moorer, used
the computer to dismantlc var-
ious natural tones, they en-
countered an interesting per-
ceptual guestion: how much
acoustical information in a tone
is really necessary to re-create
the impression of the original?
The answer is surprising: 2
fully lifelike synthesis requires
far less information than the
musical instrument produced
in the first place. “It was a bit
awesomé,” says Chowning.
“We had no idea the ear throws
away so much information.”

John Grey, a soft-spoken,
long-haired psychologist whose
specialty is dubbed “psycho- -
acoustics,” demonstrates with
2 tape of 2 single real clarinet
tone. Initially, the tone has been
electronically dissected, first
into its fundamental frequency,
and then into each scparate
harmonic—odd squeaks and
squawks that are multiples of
the fundamental—ascending all
the way past the limits of audi-
bility. He then used the compu-
ter 10 rearrange the tape so that
one first hears the fundamental
by itself, and then with cach
harmonic added, one by one.
The result is a strange, uniden-
tifiable sound—the fundamen-
tal standing alone-——gradually
turning into a clarinet. Grey
poses the crucial question:
“When docs it first become a
clarinet? And when does it stop
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2 . Protect your hearing and
put an end to noise hangover.
Introducing Sonic 11
Noise Filters. A new kind
of hearing protector that
not only can save your
hearing, but can actually
eliminate noise hangover.
. No more ringing ears,
7 headache and other discom-
fort after along night of high
volume rock.

Sonic II Noise Filters take the sting out
of really loud music. From an ear-splitting
115-125 dB’s down to a comfortable level.

YetSonic Il Noise —
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the muSZ'L‘. {\. .
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tohorns to drums. Right down to
the most subtle tone variations. You
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internal diaphragm that absorbs and
reduces the high-energy impact of rock
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——wesea add a new
instrument to the band. Sonic 1I Noise Fiiters.
See your music dealer, or send in the
ZEEEEEy  coupon below. Dealer
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changing?”

Grey turns to the computer
screen and summons up an in-
tricate, three-dimensional plot-
ting of the same dissected clari-
net tone, displaying the contour
of the fundamental and each
of the first eight harmonics, ar-
ranged like a series of progres-
sively smaller mountains rising
from the coordinates of the
graph. Each curve is jagged and
intricate. Grey types outl an-
other order on the keyboard.
Abruptly the plotting of the
natural clarinet tone vanishes
and is replaced by another
image. The parameters of the
graph are the same as before.
but this time the harmonics
have been drawn in by Grey
himself as far simpler construc-
tions of straight lines. When the
computer generates the sound
that Grey's sketch represents,
however, it sounds precisely
like the original clarinet. Grey
shakes his head: “I still have
a hard time convincing myself
that you can take a bunch of
harmonics, add them up and
get a real tone.”

But one can, and with that
discovery the. possibilities be-
came virtually unlimited. Grey
demonstrates, for example, that

. by sclectively attenuating only

the fundamental of the syn-
thetic clarinet tone, it very accu-
rately creates a muted clarinet.
“And we're still getting better
at fooling people. in simpler
and simpler ways.” he says.
The process that makes all of
this delicate and precise ma-
nipulation of sound possible is
called "direct digital synthesis™
—an entirely different method
than the analog synthesis used
in all commercial synthesizers.
While the analog synthesizer
constructs sound as one con-
stant, fluctuating signal, the
digital unit generates tens of
thousands of individual pieces
(digits) per second. Each sig-
nifies the strength of the signal

at a particujar. discrete mo-
ment in time; when converted
finally to an analog signal and
run through a loudspeaker,
the digits create sound waves.
Digital synthesis therefore pro-
vides control over the nature
of the sound generated.

Digital synthesis wili not ar-
rive in your local music store
next week. The system at Stan-
ford includes not only a hefty
computer and some thoroughly
hairy programming, but an ad-
ditional unit—for converting
digital to analog and vice versa
-—that cost $7000 and took
nine months to buiid. But the
advantages of digitai synthesis
over anajog are so overwheim-
ing that jt is just 2 matter of
time before the digital method
is adapted for commmercial pur-
poses. One company is rumored
to have a digital argan under
development.

One can, moreaver, use a
similar technigue to take “nat-
ural” music, digitize it, store it
in the computer memory bank
and then repreduce and manip-
ulate it with a2 precision im-
possible in even the finest
contemporary recording studio
equipment. Mixing. music stor-
age and even the automated
production of scores will likely
be revolutionized by digital
technology-—as will the music
itself.

Loren Rush. another com-
poser and rescarcher, displays
a tape of a digially proc-
essed natural trombone phrase
altered. very subtly. to produce
a sound that. while stiil a trom-
bone, has an attack impossible
for the mast skilifu? trombonist
to actuzliv produce. Rush, who
has written 2 pieee for compu-
ter and orchestra 10 be per-
formied in seven cities next sea-
son, calls this “a kimd of music
that explores impossibilitics:
presenting performeers in con-
texts that strain them to their
fimits.”

The Stanford group is now
working toward it pext ma-
jor goal. the devefopment of

systems to slow “real-time”

John Chowning, charting sounds
in computer screen: Pierre
Boulez (inset). the Center's
best-known ‘student’

synthesis—the final step re-
quired to bring the computer
into its own as an. accessible
musical instrument for both
composition and, ultimately,
live performance. Says Chow-
ning: “Tape is a loser~—noise,
drop-out, etc.—and we'd like
to avoid that, using reai-time
equipment, so that you actually
do the computation as the
sound is generated.”

The field is still so new that
even the researchers have a
hard time predicting the direc-
tions these new techniques will
take, and what effcct they will
have on music. The Stanford
researchers emphasize that
simulation of natural instru-
ments is only an experimental
way station for exploring how
complex, satisfying, natural
sound works. In fact, the real
advantage of computer music
is what one researcher calls
“the spaces between the instru-
ments.”

Pierre Boulez, the expatriate
French composer/ conductor,
spent two weeks last summer
studying at the Stanford Cen-
ter. When his New York Phil-
harmonic contract ends in
1977, he will return to Paris to
oversee a multimillion-dollar
complex of labs, studios and
performance spaces, all dedi-
cated to the exploration of com-
puters in music. “Music.” he
has said, “cannot move for-
ward without science.™

Speaking of the computer
while at the Center, he said, “Tt
is like learning (o play a new
instrument. or learning to speak
2 new language, such as Jap-
anese. It would not he casy,
but one could do it, no?" john
Chowning has an answer to
that which may carry a hint of
the future: “l.carning a pro-
gramming language s really no
mare difficult than learning
counterpoint.”

Erotngrann by WICHAEL ROGERS, NELW YORK PRILHARMUNIC tnisety
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