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By
ROBERT A. MOOG

ELECTRONIC MUSIC-
Its Composition & Performance

Introduced less than 20 years ago, this new type of music is rapidly assuming
increasing importance to contemporary composers. This article describes the
circuitry of some recently introduced electronic music-composing instruments
and shows how these are employed 1o articulate this new musical language.

HE tmhnnhm' af electronics is i|:|.-|-.|.||:c sited  for
| spplcation to the production {composition and per-
formance) of music, as well as to its reprodhuction
{broadcasting and recording).  Music is, after all, a medi-
um of communication between composer and listeners; it
should permit the composer to produce any sound, or series
or combination of sounds, to convey his musical message.
The parnmeters of the svmils COHTNHOSETS wish to comtrol are
basic to electronics: frequency, waveform, formant, ampli-
tude, and duration. Oscillators, Blters, amplifiers, and other
electronic circuits capable of controlling musical parameters
have been used extensively in all applications invelving the
generation and precessing of analog | continuously varying)
signals: rodio and TV, analog computers, medical eleciron-
s, and many more. VWith some straightforwand engineer-
i and a little Imagination, one can u.-l.i:l]!lt familiar elec-
tromic circuits and systoms concepls to te design of musical
instruments, thereby greatly expanding the range of avail-
able sounds and increasing the composer’s ability to control
thie sound parameters.

However, the language of music—the way in which
sounds and sound patterns are used fo convey messages—
develops and changes slowly, The musical tastes of most of
us are geared to the composers who lived aml worked be-
fore this century. “Modem™ music may bend bo sound dis-
sonant or unpleasant because the “meanings™ of the soumnds
are generally different than those of earlier music.

A direct result of this reluctance to depart from estab-
Fished musical values ds that musicians and the listening
public have generally been slow in accepting new electronic
musical instruments. Early instruments such as the There-
muin, Elived by the free movement of the perdformer’s hands
i the spece surrounding §t, aml the keylbowrd-controlled
Omcles Martenot have been suecessfully used as soby instro-
meits i the perlormance of orchestrol music, but these
instruments have not been accepted as the important addi-
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tioms to musical-instrument technology that they in fact are,

Actually, with very few exceptions, the only electronic
mmsical instruments which have achieved commerdal im-
portance are those which are direct imitations of traditional
instruments. These incluwde monophonic (sngle-voioe) in-
struments, such as the “Solovox™ and the “Ondioline.” and
polyphonic instruments such as electronic guitars and the
vast mumber of ebectronic organs now so aggressively com-
peting with the piano for the place of honor in the home
living moom. Although we are generally familiar with these
imstruments, we would mot say that they have revaluwtionized
the language of music.

While the listening public ks slowly adjusting its musical
tastes in response to new developments, creative musicians
are experimenting and pioneering in stll newer musical
binguages. One of these new languages, the development
of which began less than twenty years ago, i3 called “elee-
tronic music” and is assumdng rapidly increasing importamnos
to contemporary composers, This article will define elec-
tronic musie and reveal how it is composed. Tt will alsoe
deseribe the circuitry of some recently introduced electronic
musical instruments and show how they are employed in
the articulation of this new musical language.

Classical Electronic-Music Composition

The intreduction of the mametic tape recorder immedi-
ately after the Second World War gave the composer the
ability to store previously produce] sounds and to physically
shape amd arrange them (by tape editing) ioto & musical
composition. Recording media other than tape (disc and
wine :r|.'-:1m|.'||'|||.1:l existecd before e o recarler, However,
ner recording mediom provides the high fidelity and c«d:lllng
ease of tape,

The tape recorder, wssl as @ mm[m:ing instrumsent,
opened the door to electronic-music composition as it s
usually practiced today, For the first time, the composer
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Fig. 1, Block diogrom of a cedsieal sbedirenic music viudia.
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eould create an entive nished composition and would not
have to depend on performers to interpret his “message.”
He could use any sound that could be recorded or electroni-
cally generated. He could electronically prooess natural
sounds in many different ways, He could compose series of
sounids more closely and accurntely spaced in time than any
live performer could possibly prodoce. And finally, he could
listen to his completed composition and change portions of
it until he was satisfled with the Bnisled prodoct. Each of
thess possibilities could not have boen conveniently realized
before the advent of the tape recorder, Together, they con-
ebifwbe an 1_1|1_|;'{"]:-' THEAN ;,a|'||;|l (‘h]’.i:l:lldl:‘t! means of |1'||.|5i|:_'.1l X=
pression—the central feature of electronic music,

At the present state of development, clectronic music is
defined as the clectronde grneration and processing of andio
sgmals, or the cleefronic processing of nafural seund, and
thie |r;|-.'|a-f||;|u|'¢|4|ur:| aned arreRgement ﬂ_f these .u'xn.u:'-. wia fepe
recorders fnfo a ﬁlli.\.rru'rf el camposilinn, Althoarh new
techniques (to which the above definition may not apply )
are being developed, the present definition specifically ex-
dludes the pu:-:rh:m':.m:_-u:‘ of tracliional mosic on eleckronic
instrunsents.

An electronic-music composer works in o studio which
|_|:-'.||.|||g,' contning electronic :.'i;u;tl.il generators { anelic ozcilln-
tors, white-noise genemtors ), signal madifiers (flters, modu-
lstars, amplifiers, reverberation units, ete.), mixers, and at
least two tape reconders. In p;-_'n:'-ntl. all inparts amd onstpasts
are brought to o p.aln:_-h ]:|.|.u|"| ar ather signalsmouting Facility
s that the composer can set up connections between his in-
shrumicnts ;|-'_-r_1_|r'di:||.|a; te his recquirements, A E-cku'l scf of
power amplificrs and speakers, which enables the composer
to hear exactly what he i producing, completes the basic
stwdio equipment.

The frst stuclios established in the United States were
designed around instruments then commercially available,
Laboratory test oscillators, white-noise generators, and -

Flg. 2. Unbveasity of lllingls Bepesimanial Mwisc Studic. Qen-

#robing @nd procesiicg equigsenl ia oo bt mizing and oyt
g camireli are in cesder, ond Fhe recorders are of the sight.

ters, as well as commercial avdio mixers, patch panels, and
recorders, were installed.  Varable gain amplifiers and as-
sorfed] ]I]IH_Illl.lli]LE |_||". il;l"\.. WEETE IlLI!;“ !:1:1|| 1!|_-_\-\,||_l|||-. |_|;|'l.|_rb;l on
circuitry originally developed for communications equipment.

In order to work with such equipment, a composer cares
fully and patiently sets the operating parameters of each
instrument {e.g., frequencies of the oscillators, bandwidels
of the flters, ete.) to achieve the desived sound and then
records the smmd, The segmentz af tape containing the
sounds are then splived together, one at a time, o produce
the finished composition, This method of composition is
now called “classical studie technique.™ A simplified block
il.i.l.nl'.l.l!l of @ l'!.i'llii'.l] classical studio |5 shown in F'ig_ 1. The
University of Illinods electronde mushe stwdie, which is basi-
Ally a classical studdo, is shown in Fig. 2.

Valtage-Contralled Instrument Technigques

Classical studio I:I.'n'.'l:llll:l]l.lll ks the ;l:ll.'.:lll.agc- that oom-
posers can easily understand  and  master the processes
involved. These inchide electronic tone and white-noise
Feneralion, Ill!-:'rilq:. misdulation, .|||'||1||:I|:|||r~ contral, Tever-
beration, and tape manipulation=the “alphabet™ of the new
kinguage of electronic music. However, classical composi-
ton temds bo be btedions amd time-consnming because each
soumd event must be generated anid recorded |I|||:'|.||;|.||;||l:._
Moreover, it 5 dillicult to produce complex, dynamically
varving sounds with conventienal |.L|l-||I.L|‘||I'!. amd commer-
clal awdie equipment. New developments in eqpuipment for
electronic-music composition have therelore been directed
at n.'-:|.|l|.'i|:||.1 the limitutions of classical studio 1‘-"-'“'”‘!"'-'-

Engineers amd composers now acknowledge that the con-
sistent and .'.}'h1-l'l:l:|il1i|. s i I-||||I'||'|_'| ol rofled nstrunsents
!liill'llﬂiﬁll'!-i sth !.I'.d,' i'.l.'ltl']'.l!'il:lll ol l.':r:|'||,'|.||,'\_ dyvnamiclly v
:illg '-|II.I:III!!'- .IIH] t!ll_' JI'I:|I||£-|_'||!||':|1 ||[ I.IH'H.' -...||_||||;t-...||t|“.;|_
I:'(HI'I|'|I'|"«'i:I.-!!l'II. A Hhﬂ'l’.’ﬁl crirall; a fnstrnimend Tae one o
more operaling perermcters defermined by the magairude
af an rr;.l;l:-nlr'v'rl' eonfrol poliege nrther than -Iil_r the sellings
af the paonel comtrols, 1t is penerally easier to change a
voltage rapidly amwd precisely than it is to reset panel con-
trols with equal speed; also, the problems of changing the
operating parumeters of the instruments are redueedd to the
simpler problem of changing the control voltages deter-
mining the values of the parameters, OF course, in order o
take Full advantage of the benebits of voltage contrel, con-
trolled instruments must have s fast speed of response and
an  Eccurabe |!'|-.!.|:I:'-||*h||:||_:l between the magnitude of the
control voltage and the controlled parameter,

Three important classes of voltage-controlled instruments
are now widely used by electronic-music composers: oscil-
leters, fliers, and amplifers. A voltage-controlled oscillator
(vocoo. ) meay produce aucdie sgnels whose pitch s deter-
mined primartly by the [requency of oscillation and whose
tone color i determined by the wavelorm and type of
frequency  modulation,
volfage generators to periodically modulate other voltage-
controllsd devices. Finally, timing of musical events may
be achieved by uwsing the output of a slowly oscillating
voeae o frigger (initiate) the events

Fig. 3 shows a simplified schematie diagrom of a wide-
range, high-guality v.co. Several control inputs are peo-
vided o that more than one type of [requency variation
may be accomplished dmultaneously. For instance, a shawly
varying perlic valtage may be applicd to one control
input while the voltage at ancther input is stepped in fixed
increments, “The resulting output would then soumd like a
musical scale with wibrate (frequency modulation ). The
controd voltages ane ackded and & current 1, prn|1nrlim:|:|| i
thix {"\.I_'H:ll:ll_'tl‘li.ll af the control-voltage sum s derived by
two operational amplifiers. These circuits, which are shown
in block form in Fig 3, birrow their design concepts from
analog computer teclmology. Tle exponential dependence

lI|r |_'-::-.'_=\. Aanc ;||u| 1I.\|_1! s rrl!lfhh'-
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of the output current I, upon the controlvoltage sum
means that I, will ehange by a cerain rafioc for o given
fncremenl in control-voltage input ciange.

In virtually all musical wses of periodic signals, frequency
ratios rather than abszolute frequency differences are im-
portant. In fact, a glven musical pitch interval is nothing
more than a el frequency ratio. An interval of an octave
i5 a Fregquency mtie of 2:1; an interval of o semitone (the
smallest snterval m the conmam Ir||||'|u|'-|'|:| !H.'il.l{!;l i= o fre-
quency ratis of LO05S:1 (1059 iz the twelfth root of 2).
Musicians can easily wnderstad this constant of propor-
tonality between controlvoltage change and  frequency
rati: a one-voll increase in the control seltuges will double
the frequency (increase B an interval of an ectave); a
Ve-vall inerease in the conlrol \'crll::lﬂu will therefore in-
crease the requency one semitone. Thas, all tones in the
tempersd seale will be generted by integral numbers of
Ha-vilt micreases in the control 1."|:||I:||.j.|;l,:. (Other scales can
be generated with different pattermns of control-voliage
cliange.

The cutput current I, is wsed to charge timing capacitor
C. This capacitor is discharged by unijunction transistor
2 whenever it reaches the unijunction’s breakdown voltage.
The resulting voltuge across © is a lincarly rsng saw-toath
whose frequency is proportionsl to I, amd therelore pro-
portional to the exponentiol of the sum of the control-
viltuge inputs, With careful design and component selec
tiom, it is possible to build vewo's whse exponentiol-
Frecuencyd control-veltage relationship is musically accurate
over o Geoctave (G4:1) frequency range and still useful
over a J0=nctove (1000: 1) Trequency mnge.

The saw-omth wavelorm appearing across C is itself
extremely wseful in sywothesizing musical sounds, since jt
contuing all of the integral harmonics of the fudamental
frequency of oscillation. Subsequent filtering, which attenn-
ates some hammonics and boosts others, is generally used to
impart one of o wide variety of tone colors to the signal.
Howover, additional waveshaping may be employed to
change e saow-tooth waveform  into chl;En:]!,' dilferent
wavelorms,

Three wavelorms which are also musically useful are the
sine, triangular, and pulse waves, The sine ideally contains
wo harmondes other than the fundamental frequency. Tts
sound lucks brightness and, in terms of harmonic structure,
is the simplest of any signal. The harmonic content of the
triangular wave i only 12% of the total and consists entirely
of the odd harmonics. Its sound s muted and hollow like
that of o Hute, Finally, the spectrom of the pulse waveform
depemls upon the relative widths of the positive and nega-
tive portions of the wave, but it is churscterized by the
absenwe of certain harmonics within the spectrum. For in-
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stance, when the positive and pegative portions of the wave
are of equal width {Le., when the waveform 5 a square
wave ), then all the even harmonics drop out, and the spec-
trum consists only of odd harmonics. The pulse may be
usexl in sywthesizing o wide variety of orchestral coloss, from
the violin to the clarinet, depending upon the relative widths
of the two parts of the wavelorm,

The trisngular, sine, and pulse waveform drcwitry are
indicated in block form in Fig. 3. All the waveform outputs
are available simultancously and additional timbral effects
misy b achieved by mixing two or more waveforms.

"lrullu‘gu-l:nnlmllml .llnptil'mrn

After frequency and duration, amplitude is the most im-
bt msical parameter. A voltage-controlled nmpliﬂur
(v.en) capable of varying an audio or contral voltage is
shown in Fig. 4. Like the vaeo., the ven, shown here in-
corporates an adder amd exponential genermtor to prooeEs
the control inputs. The amplitude-contralling elements are
Q1 amd Q2 & matched pair of junction transistors, These
transistors ane driven |.|-} am mpat bulfer with vory e oiat-
put fmpedanoe.

Juncton transistors have the characteristic that a given
base-to-emiiter voltage change will result in fxed Percenbnge
collector current clange, regandless of the mamitude of the
average collector current, Thus, as the standing current in
the trinsistor is increased, the absolute collector current
change for a given base-do-emitter voltage change will in-
crescse proportionally,

In the circuit in Fig. 4, the constant base-to-emitter valt-
age is assured by the low output impedance of the input
buffer. The combined standing cumrent throwgh Q1 amd O3
iz I,. The collector current variations appear across KL and
R ux voltage variations and are ampliBed further in the
vutput buffer stage. Thuos, the gain from sgnal input to
signal output is proportional to I, which in tum is pro-
portional to the exponential of the sum of the control input
viltagees,  This means that the gain will increase by o given
rutio for a certain incremental increase in the control input
viltage, The relation between gain and control voltage is
set so that a one-volt increase in the control sum in-
crease the amplifier gain by 12 dB. With careful selection
of components, the v.ea. control characteristic will be accu-
rabte over an S0l range.

The signal portion of the v.ea. is entirely balanced so
that rapid gain changes can be affected without common-
msde level shifts appearing at the output, This is especially
importand in synthesizing pereussive sounds or other sounds
wlu;ll:-:; ;I‘Eng:: mpﬁ;ﬁ in lllrl'c];hm additon, the v.ca. is
entirely clirect-cou s that smoving control signals
us well os audio signals may be processed.



Yoltage-Controlled Filters

With slight additional circuitry, the v.ea. shown in Fig.
4 can be converted into a8 voltuge-controlled filter (voefl).
One very useful type of v.ef, is shown in Fig. 5. The add-
er, exponential generator, input buffer, and control tran-
sisfors Q1 and (2 are the same as those in Fig. 4. The
collector currents of O and (32 may be thought of as pass-
ing through four more transistor pairs (3 to (F10}.

The inputs to each of these pairs are slamted with fixed
capacitors C. At bow frequencies, the reactance of the ca-
pacitor i much higher than the emitter-emitter resistance
of the transistor pair, and the sigeal posses up the Tladder™
of transistors with Hitle attenuation, At high frequencies,
lewweewer, the signal i3 shunted amund the emitter-emitter
input and is sharply attenuated by the time it “emerges”
from the collectors of (8 and Q10, Thus, the filter in Fig.
5 iz a low-pazs Bler,

The cut-off frequency is that st which the reactance of
the capacitor is equal to the cmitter-smitter resistance of
the transistor pairs. The capacitors are fixed and the input
resistances of the transistor pairs are vared by changing
the control current [.. The Blter is capable of accurate vari-
ations of cul-off frequency over a 1 rec-decade { 106M0:1)
frequency range. The relationship between the cot-off fre-
quency and the control voltage is exponential and is set so
that it will be exactly the same as the relationship between
the v.eo. oscillatéon Frequency and control voltage: a ome-
volt increase in the sum of the control voltages will double
lhr i_'uI!-nH E'n:1:|_1||'||1.'}'.

The signal currents are “read oat™ across the emitter-
cmitter resistance of Q8-010. The variation of this re-
sistonce with P, ix just ri;|.f||'|: s emcvire  Blak .'|.|'|e:|l:|.'|x af
frequencies below the cot=lf frequency remain constant in
amplitede as I, changes. The gain of the output buffer is
st 50 that the "mserdon loss™ of the v.of. az a whole i
zero db,

The addition of fecdback resistor Ay introduces a narmow
resonank |'p|:'-.||k in th:: PEE TR of l]u,: filter ot the i_:l:ll:-nl:l:
frequency and thus converts the v.ef, from a low.pass o a
resonant filter, When o “noisy” soumd with many frequency
mmlmm:ﬂls is '|_;||u:c-|_-|;|. !Ilnmgh o resonsnk Ellq.:r. I]'l{.- output
soumsds pitched, the apparent pitch being close to the reso-
pant frequency of the flter. A voltage-controlled resonunt
filter thus allows the coumposer b wark with 1.-'.ir||1|.u.'||1,.' Ty
sound in producing pitch patterns.

F..nlllrnl-'t'ullugc {renerators

With veltage-controlled oscillators, amplifiers, and flters,
it is possible to synthedse virtually any musical sound
merely by generating a few simple control-voltage wave-
forma. A modem electronic-music composition system oon-
tains, in addition to the voltage-controlled devices, a variety
af control-voltage penerators,

The most important of these are the frandent gencralors,
which produce valtages which rise to a specified level with
one time constant and later decay back bto zero with another
time congtant. These trangient contrel voltages are of great
valwe in producing rapid changes in frequency, formant, or
amplitude. In synihesizing a trombone soumd, for instonee,
it i essentinl that the soum] start of with low larmonic
content, This is produced by applying a rising Eransient
cuntrol voliage to the vaef. so that the filter first albows
through only the fundamental of a waveform of high har-
monike content and then allows through the hanmonics. Con-
I\.'q‘,:r:'.l::lj.'r thie sound of @ p||u,:h|,.-1;l siring [fnr instunce, & gudtnr
sound) s synthesized by beginning with & tone of high
harmenic content and then rapidly reducing the amplitudes
of the harmonics, A falling transient control voltage is ap-
plicd to the voltage-controlled filter in order to produce
this effect.

In addition to transient contvel veltages, periodic con-
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Fig. 4. Rirmtccoupled, bolenced voltoge-contralled amplifier.

trol woltages (Ffrom oscillators] are wseful in imparting
frecpueney modulation (vibrato, trll, and other less conven-
tiomal effects) to a voeun., and .'u|1|_:|]E1.|.1|.'|r: amd formant moc-
lation to a voea. and velf., respectively. Random eontrol
voltages, derived from white nokse, are used to introduce
uncertainty to any of the wvoltage-controlled parameters,
thuss adding awral interest to an otherwise steady tone. Fi-
nally, speclalized [unction generators, such as stalrcase gen-
erators, are used as control voltages to create distinctive
pattems of parameter variations,

Control-voltage changes from transient generators, oscl-
lators, random wvoltage genemtors, and  special-function
generators create an enormously wide variety of dynomic
paramcter variations,

Fig. 5. Velloge-senirelled low-pany Gler. The Intreduction
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Fig. 7. Dlechanic cirogtry of keybooed qostraller in Fig, &,

The usze of |.|]:.|-;!I ||_'|_{‘|||:|| |;'\-|'.||||||f-l.:|'||‘:||.l"-|"' pathems results
in sounds which are |:u_-||,1;-i-.|;~:1 as having characteristic com-
plex qualities rather than clearly varving parmmeters, Only
slowly varying control voltages result in distinet changes
in musical parameters

Dievices for producing these all-important eontrol wolt-
ages may be either manually operated or pre-programmed
for aubomatic COmpeoEtion. T types of manually l.IEH'I-\.ItL"'d
-q,'\-l_uL[r'l_l] I_IL"l.il._'l_'}\. m= showm in FlLr"lG & .|'||11 T |"|g. T | ] 3.|_]|r_'-
matic diagram of a manual controller which produces one
of 81 discrete, D-I]il.itl'!.‘ spaced control 'cnld.igﬁ. A constant-
current source consisting of ] and its associated CIHTNO=
nents supplies current to- o series of resistors B Each key
switches in one tap on the divider string. The voltage at the
tap is wsed to charge capacitor © through the reed relay
which closes whenever any key is depressed. When the key
is released, the reed relay opens and the capacitor holds its

Fig. 8. The Moo Syrihesizer || thown below s an audis-1ignal
gartrofing, predeveng. end conheollng Toclity for sbedPrasi-
mushi compatitien, The beybeord ceniroller omd Phe |inaer dess
Fralber Just obove @ permid pentrol of the ceuilts by compeier.

Fig. &. [Tapl Keyboord costreller. Al-
hough the keypboaard fuelf is o viardard
argan heybaard, Fhe confml-valtage
atpul may e smpleped 1 coneal mus
siged powgeseien afher fhos fThe pitds
ChotEaml Limepr confralles, The mupiclan
slider ki Anger olong the loul boeed
te detarmina Fhe canfral.-valfoge suitpul.

charge until the nest key depression recharges it to a dif-
ferent wvalse, A wvery high input impedance onity-gain
amplificr, consisting of Geld-efect transistor (2 and junction
transistor {3, delivers a control voltage equal to the voltage
aeross O to any of the voltage-controlled devices. A photo-
graph of a Keyboard controller inconporating this circuitry
is shown in Fig. § (top).

Fig. 6 (bottam) & a i;.'lllhlj{r:lﬂlil of a mamual controller
which produces a contimoously wariable control voltage
rather than a serfes of discrete voltages. The circuit is the
camne as that shown in Fig. 7, except that the series string
of fived resistors is reploced by o long strip of resistive
material, and the bank of key switches iz replaced by a
single taut contact band which is positioned aver the re-
sistance ribbon, The composer moves his fnger along the
taut band to produece continwous changes in the control-
voltame otpat.

Fig. 8 shows a modem signal-generating, processing, and
controlling system for electronic-music composition. Except
for the unl:nclllirlg devices, all the mstruments are modolar
and pre mounted in a gingle console cabinet, In addition to
a full complement of voeod's, veead's, and v.edls, this sys-
tem containg a white-nodse gemerator, a bank of hali-octave
handpass filters, a reverberation undt, a multi-channel mixer,
and a bank of transient control-voltage generators. The sys-
tem wses silicon solid-state devices exclugively and iz pow-
ered by a single regulated power supply. Interconnections
between the nstrumenits are set up by patch cords, Levels
anicl “"i“"'l""r""'h of the ||||:|1I|': andd oilpuls arg sct B0 that
the composer can establish all the basic interconnections
simply by patching between the appropriste jacks, Thus,
1 e COMPOEET 18 able to think in terms of ":.ll!ll_'!.llil:lli._ |:I' -
frequency modolaton, hlterdng, mixing, ete.) and does not
leave to comcern himself with the details of the instrument
clrcuitry that is wsed,

Mew Trends

Tha |_'..1r|}' |_|r_"-'-|§']|:l!||||l'l'|! of classical studio |_1||l'|pl-c":-ii1ilil1l
technigque has focused largely on the tepe recorder as the
mcans of ;|:i;h.-|_'||||'||ih1,: anicl |'n.|t|'ip'||.|.|.r||||.l; soundds,. While this
E’-'ﬂ" of |;|_1_"|.'|_'||||.:|."|'||_‘.||1 has given composers immediate poosss
o the ;||;].l...|;|1-|;."|_-|i of electronic 1i£||.|| :ur'l-l':-l‘!il.lll andd [T
essing w ith simple audio equipment, it has also |:u_'|it11|:~|,1 (111
the relative hl!ll_'lfi("ll_"!lt':u.' ol tape |‘|C[i1i!|jl in the -q,'::-||'||.'r||'\-\.i"i|.|ll
|||:- miEe, A |'|:i|_'|.'l_' of music I:":l'll'll_'l-ll'\-\.ll'l:l in & |.'|.|“I-;_'.|'| il_l_ll’Hl.l
may take months or even years to realize, and much of this
time 15 spent in mpe Ih.LI'lI.]'lII].I‘IillIl.

The most important applications of tape editing are the
;I|:|Illﬂ'|ll-|.'|lt i I:tlltn;' of a series of m.lllln.l:\i -|t||:|. thee -l.':l.l.llh"illu
af the tese seale of individus] sound events. Both of these
functions can be performed by applying the appropriate
|_1_|I'|l|-c.l|-'|.|‘|.1§,:|;' wirintions to & system ol 'i'lll!.l.h"l'\-l;_1|:|1|'|_||]-|_'|,|
istruments. The control-voltage variastions can be po-
grammed in advance of the sctual signal gencration or can
be determined by the musician while the signal gencration
5 in process, The st is called programmed composition,
while the sccond is called real-time performane

The first important device to be buailt for programmed
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compasition is the RCA synthesizer Fig.
10, A punched paper tape, much like
a pianu rall, ig used o illlh.'ifj.r a set of
parameeters every 1AW secomd. The
RCA synthesizer does not use voltuge
cante] but emplovs passive compaonent
switching to achieve the parameter var-
fationa, Thizs device & lecated in ome
of the studios of the Columbia-Prinee-
ton Electronde Music Center and has
been used for the realization of sever-
al important electronic-mugie compaos-
tiong. The high cost of the nstroment
iz one of the reasons why more devices
of thisz |l:|.'r|!|'.-|:|.|]||.'r ity hivve niot Been
built.

Using Voltage Variations

Instraments for programmaed NI -
sition employing control-voltage varia-
tions are inherently less expensive than
those emploving component switching
and consist of a modest collection of
voltage-controlled devices and one or
more  programmable  contral-valtage
gencrators. A simple  programmalile
control-voltage generator, called a se-
quendces, 3 based on a ring counter. A
block ciagram of a typical sequencer is
shown in Fig 9. Only one stage of the
ring counter i “on” at a time, A tim-
fng pulse fums that stage “off™ and the
next stage “on” When a given stage is
“on,” it applics o fxed direct veltage

FCTOES e OF mhore pruﬁrmming 'PDIL'.':I"-
tHometers asmociabed with it when it is
“off,” the voltage across the potenti-
ometers falls to wera.

The voltages at the wiper arms of all
the programming potentiometers are
added by a d.e. adder circuit. All these
voltages are #ero except the voltage of
the “on” stage; the sequencer output s
thus a voltage which changes from one
preset value to another upon receipt of
a tming pulse. The composer is able
to set the programming potentiometers
in sdvance to produce & given sequence
of parameter variations, and he can
produce the sequence simply by indtiat-
ing the timing pulses, A control-voltage
sequence can further be wsed 1o control
a v which s connected so that i

produces timing pulses, thus facilitating .

the programming of event timing as
ripuired,

Paper-Tape Programming

The sequencer can be  pre-pro
grammid for only a5 many events as
the number of sequencer stages, after
which it repeats the sequence. Thus,
the sequencer can eliminate much, bt
not all, splicing. The next step in pros
gramming capability iz the continoons

programming of contrel voltages oia
paper tape. We lave used convention-
al S-track paper-tape readers to pro-
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Fig. 10. The BCA wpnthasiver, lotated af the Columbio-Princetan
Eleitrasic Muike Center. The mlli of paper of the center of
the phalsgroph am smpleyed lo progros tha enfite intres e,

gram passages of several thousand
soarmd events. The pnssage is recorded
in real time in its entirety, and this
almost completely climinates the neces-
sity of splicing. Programmed compos]-
tion of fast, intricate passages vie paper
tape generally takes about one-tenth
the time of classical studio composition
and, becanse the program s in digital
form, is inherently accurate, The lead
photo illustrates a portion of a typical
stucdio in which o dmple paper-tape
reader is being used to program a bank
of voltage-controlled oscillators and wolt-
age-controlled amplifiers.

Using Computers

A further increase in programming
capability, which has recently been de-
veloped, is achieved by using a small
digital computer and a digital-to-analog
comverter to produce the control volt-
ages, The converter itself can be pro-
grammed to sccept coded information
from the computer and speeds the com-
position process o a point where it is
nearly as fast a8 composing traditional
music in conventional notation. Prices
of small computers are now in a region
such that programmed performances of
chectronic music without tape recorders
are entirely feasible.

Real-time  performance  instruments
hased om voltage-contralled  circuitry
have abo been developed in recent
vears and have been plaved in public
coneerts of new music. The “ultimate”
performance instrument, on which the
performer can produce any sound or
combination of sounds in real time, is
vel to be developed. The main prob-
bem is the design of manval-control de-
vices which permdt the pedformer to
continuously specify all the parameters
of the sounds, This problem is one of
“huaman engineering” and will undoubt-
cdly take vears of experimentation, on
the concert stage as well as in the lab-
oratory, to selve completely. However,
even the simple performance instro-
meents which have alrﬂrl],r been bl
have opened new musical horzons to
composers and performers alike, and o
new bvpe of electronic music, composed
for live performance, may develop
apart from recorded electronic music,

Naote: The f:l'hfrﬂnrdmﬂ FElectronis
Music Center, a non-profit educational
membership  corporation, engages in
several activities related to electronic
rarlc. (e of these is the publication
of the Electronie Music Review, g uar-
torly magazing devoted to matters of
interest fo elecironic-mnsic compogers,
engiveers,  performers, and  lsteners,
Interested readers ore cited fo sernd
for further information fo the Inde-
pendent  Electronte Musie  Cender,
Trumanstuirg, Neio York 145888, &
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