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This b()oll br.gills (lnd (')uis with (1/1 flnO/wt o/Ihe s/u:CIIlflli01I$, 
It:clmulogira{ i,m(I1M/;OIn, find oC('(uimwf bold ;lIslJiraliml Iltll/ mm"k Ihe h is­
lory 0/ ciec/muir 111111';(", 8u/ the oIJt:ninf!, mui dosing dlll/J/er.f IIr/! in {art t/l' l)I 

dilfcl'CIIt ltiJ'ton'es. 0110 Luerd ng looks UfI("/,- 1,'ulIl Ihr vll l/laga poillt of a mnn 
who J/(u pel'smlfl.lly tui(I/I'sscd lite 1)Inl'ch 0/ t:lcrh'Ollic tccJlIlulogy {mm II lmilll 
lIellr i/s beg-ilmings; he is (I fl'ndj/l(lnnlly .~{'hooletJ cOml)fJj~l' whQ Iws g/"lulll/llly 

(lb!Jfll'ued demenls of tlli ~ iedmoiQI!J' ;11(0 1111 a/rc(uiy-/orllleti sCI al COlli· 

plJSifion(l/ allillldes IInti .rki{l$. Pm' GarrlOll M umma, (m fllr. other IWfI((, dec­
lroll;c lerllll%gy has fllw/lys hetl! pre.telll, f'/ c objeci of 01/ fl/)sm'uillg rlln'osily 
(mrl inUre.fI. 

lu n MmSI; M 1I11111W'S Idslur)l resltllle! ",here [ . IIt:1lillg'S /(.;lIve,( nff, 1',,( lIm;lI­
i11g Ihe dCTleiojJlm!lIls ill dec/m1/ ;,. IIII/sir br/MI' 19j(), 1101 ~'/J IIIlIrli liS exlell­
siom Of $/ili em'fier lec1m%gicn i p,"uedcnh b111, mOw,-, as (upcclS of lite 
eCQllol/lic lind soci(ll Irislm)' of the /.!I1riotl, F rom litis vh:wJ}f)il1/ Ite ('on,~id".r.f 
lHU'iQII.f kint/s of [i"t! fu! r/urmrl1lcI' wilh e/cclnmic medifl; sl/)""m;ys L'oilabomlive 

1>t:rformrl1lce groU/JS (Illd speril/f "heme,f" of cIIgilli:C'-;lIg: IUltl ex/,/orcs in 
dt:lllil fill: in/tulmet: 14 Ihe new If'dllllJiolO' 011 pop, 10/1(, rock, nllrl jllu /Ill/SIC 
llJi inJlnwu:lI/s m'c modified //till Ille recording stu dio maltel' rmiiral Irnl/.\'­
/01'll1,ali01l.l of Ihe original rCCQl'lfeif ,fl)/II11J, 11/ Ihe first JccliQP' of tilt: chapler, 
he disrl/SJ/!J lilt! e:I;ICIIsioll of dr-rlmnir /Cc/1I10 /0g)l into ollter livt'!II:rfrmmlllrc 
lIrts, which jnvoille .mll/Ill srlllplllrc, lelevision, IlurI's, biof,hysirs, (/lId '1I11i/i· 
mtdill, 

Gonlo1l MTllIlIlIa , one o/Ihe orgllllivrs a/the ONCE Peslhllll, ;s" ("(1111-

luUC1' tIIld 1>{''J,!m'mitlg IIlIIsicillTl wilh Ihe M t: I"'c C.IIII/illgll/IIIJ DlIll ee ComlJall), 
IHla tire Smlir Al'ts' Vlli01l, /-Ie lau betll " ('I,;/IIS/l/lillg t: IIgitlt:t:t, /UI" S(1)c l'(I i dec­
II"07ll'c IIlrlsie sllulilJ5, (III Ii IU15 aesig"lltul CqlliPllltll1 /m' /lIIIIIIII"OIIS tl1le-eierll'fm;(' 

music fI/>/J/iCfllir)lls. He 1t(IS bt'tm a Il1ellm:1' jll I't:Jjllcucc 01 'he UII;v(m'ily of 
Ilfitwis, Ilnmdcis UllilJcr,~ity, tIle SWle Ullillel'Si!)! College of New J'I)/'k /II 

Il l/nato, ond lire UIJiVC)'silies of Clllilflnlill III flerkclcy lIt/ft ::i,m/II Cnu. His 
Ilrlidlls 011 mlltcmpOrtll, mllsie lIull elcctnJllic mllsic "(IVI: beetl jJU/I!i.ilu!li ill 

S(!1JC)'(I/ t/HI.'~U(lgt:s, H is IIIlIsir i,{ publislu!d b)' BMI Cllllildll lIlId hns br.ell rr­
('(H'dell U)' Adflllllrc, CBS Fl'fltll:e, MllilulrClIlII, IlIId Odysse)' n:co'l"lls, 

2~fi 
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INTRODUCTION 

Thc histol"Y of elcctronic lI1usic begins with live-electronic music. The events 
o f that history closely pllr:!!lcl. and llre often dependent Llpon, the history of 

L..J scicn ce all(1 technology. Sodlll and economic factors arc of len of critical im· 
ponance. During tile nin eteent h century science and technology, ,mel panic· 
ulad y the concept of clccu'ici IY, were first applied on :t bro,td setle to indusu'y 
and commerce. In the second h:lIf of thaI ce ntury electrical science was applied 
to cornllllln ic;uions; as .. I"csuh. the telegraph, the telephone, magllclic record­
ing, :md motion pict ures were born, 

The telegraph and telephone are me:1I1S or immediate cOlllllumic:uioll of 
inform;:tti on. l\'hgnctic rccorr.l ing and Illotion pictufes <I re mea ns of delayed 
cOllnll unicrltio n: they store infonn:uion Ih;lt is \0 he (ollllIJll1li( .. u~(1 [Oller. For 
vilrious socia l, economic. and tcdmological reasons. Ihe technology of immedi­
ate colTllllun ication developed more rapidly tha n thai of delayed cOllllllunica­
!.ion, Though a pa tent for magneti c recording was iss ued to V;tlr.lemal' Poulsen 
ill I S~)8, this dcvil;c was not gellcr:,ll y used lI m il the 1:ac '~05, fo ll owi ng i15 
tech nologica l devclopmclll by tltc Gcrm:lIIs jllst prcviom to the Scconci Wodel 
War, 

It is:1 oom1110n prcm ise lhat c1cClrOllic music- ueGlllle II realit y bcc:l1I!;(! the 
magnetic tapc rccorder allowe(1 a composel' t() WI.'Ir'K dil'euly with sLOl'cd sound, 
This premi se thus places the beginni llgs or electrol1ic music after the Second 
Wor!(l War, lilH fl 'OIll IR85 on , pOllenLS fOr eleclric::d and eleC11'0 l1i( music 
OIpparatus were iSS 1I5Cd at 0111 accelerat ing fatc. Much of th is apparatus \\':'5 to 
bc used fol' live Hlusical performance. Thus. we morc righlfutly pl:u.:e lhe 
heginnings or live·electronic music. al the lat cst , ,II the end of t he nil1el eellLh 
t:Cllttll'Y, 

LlVE~ElECTRONIC MUSIC BEFORE 1950 

Technological, Economic, and Social History 

Olle of the eil rliest ele(triGI I music instruments was pa tented in 1885 by Ernst 
l orenz. It III:IS nn clecu'omagnctic resonator controlled by a vibl';tli l1g III CI,tl 

bar a nd a hamlllel'. The principle is similar lO thaI used in sevcr:1I present -day 
clectroni c phlllos. and is related to v,lriOIlS reccnt lcdln iques of filu.! ring amI 
elwelope (0111rol. However, before the tIll'1l of the celllu ry IWO o\ lter na.lllC$ 
arc more imporWll t : William Dlilidell, il lI English phys icist , an d ThaddcliS 
Ca hill. an Amcri call la wyer. 

Duddell's col1 tribulions were both tlt eoretical and pr;l cti caJ. .In 1899 he 
c!cmonstr:tlcd the 11,ln smis~iO ll of sound by means of carho n arc lamps, and 
performed lhese "singi ng ar(;5" by tTl C;I IIS of osd U;lting circu its t:ol1ll'olled from 
(I keyboard. The significa nce of the "singing :Ircs" was that it enabled more 
than o ne person at a lime 1O hear elcctric;t ll y produced musi c, The movin g­
coil loudspea ker, though patelHed one yea r earlier, was not developed for 
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general II!>C until 192G. Before th:lt lime the usu,1i way of lililcll ing to eke­
Lrically procillced nUisil' wa~ by Iclcpho llc rcceivc!"! •. In 1000 Dllddell fonnu­
lated ;1 Ihoo!,}' fO!- lhe neg':lIive·re<lisla1'lce Osd!I:ILOr, whkh was applicd ye:lI·s 
lalCI' LO neon bulbs :HHI vacuum lIlbCl'l in various clcclfonil" 1lIU.';it illStl"lllZlCnlS. 

Thc musk:11 lise of Ihe telephone hrings us tu thc incredi llic Thaddeus 
{;uhill . In Ihe firtecn )'I!:II'S hetween 1 8m~ and 1907, C:dlill desig ned , pa tCII ted, 
<t ntl bu il l ;1 musical :1J)p:tr:llus t hat, in (erwin .. espccl,~, rcmaim \IT\surpassecl 
morc than a h;tlf<entIlI'Y bler. Th i~ appa r:ltI IS, cod led thc Tclhilrmoniull1, WIIS 
an elecLronir music s),n ll'esilcr that could ue performed li\'e O\'CI t.he tele­
phone s~tel1l. Thc Tclh:lI·numium cost nearly iI qU:lrtcr' l!lillion dollars (i n 
prc-first Worlll War clII"rency). weighed about 2m) !OilS, :1I1t! l}1("upied the 
entire ba:;cmf;11l :lUd rir!;1 lIoor of a huilding lit 39th 5 1. and Broach,'ay iu New 
York Cit)'. It also SCI a preceden t of sorts for H prCSCll t·day requirement of 
li,·c-e le(lronic' Ilwsil.. instrument!!: porlil bility. AI OIlC time in its existcnre the 
T elhanllOl1 ill1H W:l5 1I":lllSportctl in th irty railro:td frcig!ll t-:;U"S frulll I lo l),okc , 
i\I:tssadHlSCll~ 10 Nel" \' urk City. where it "" IS instal led in it~ Hro:ldw:I ), home, 
c:a lled "Tellwl"IlIoni(' H al l. the Fi rst Central Plant of the New York Electric. 
M usic Comp:l1l Y." FOl' its time the Telh" I'moniurll was an tlTl lISIl:-'I technulog­
iral ach ie"(:T1IclII . Consider the [art that electron ic amplifiC:ltioll did nOt cxht. 
IImil Lec Dc Fot'C\1 ill\·('IHCtI lite ";Illdion." .1 II-iodc l' ilClIIIIll tube. in 190G, 
and thaI \': I" IIIIII-IIII)e :u'npl ifiC'atio ll W;15 lIot t:Ol11mcrciilll }' feasible lIntil :tfter 
thc First Wol"ld War. 

In Ihe pro("c ... ~ of mmroJ1i ng $OlInd ckcl ron ir.1 !J )" I hert ,Ire 1 mill y i nhC! cm 
losscs in iunplitmlc. Si ntc lul1plific,lIiou wa.~ not "vailahlc 10 Cahill lit th ;ll 
Lime he had to lI~e OIhe)" mc:t lls of ol'e l"l'"ornil1g this problcm. H c IWCI"C:IIIlC the 
amplitudc losscs of the s),stem I», huildill~ :Ihcmiuol's tlw r proclll( cd nl\lI"C 
th:t n 10,000 W<lUS, used t.hese as his ~oll nd gcnc.r:ltol'S. and mixed his ~olllHb 
wi lh cnOnllOW; lH lIlti-r:lppcd lransfonners. RCIlI:II'b hl y, he ill'hic \'ct! 111:11))' of 
(he uasic electronic IlIwiic procedlln.'s used today- suswined oscillatiou , frc· 
rjllcnq' I'ol'llrol ':Intl lihcl'illg. e nvelope sltapillg. amI Illb:ing- by 1111: lise of a 
single phcnOlncnon : inctul'"(ivc reaCt: tIlCC. lie huilt !oy udllvlliu.: t! nllClnatMs 
wiLh Stich accuracy (hal hi~ Telhilnnolliulll cou ld be perf()l"Il lcll wilh .1 v:u·iel), 
o ( illlOll:ltion sptCms hcsidcs that IIr equal lCl'npcr:tm(;lIt. C;lhill'~ illlercsl in 
inrOI1:H ion was part o f :1 11 explorat.ion frum which he dc\'isell a system fol' lite 
ohjt.'t'"tivc tHcaStll·cmCllt of sound Ih:u 1\'115:1 prcderc..~sOl· of inlorrnatiOIl Iheo!'). 
Thc TelhilrtllOllill tn had a frclj llcm·y r:lIIgc of l1c:II' ly seven (Wl:tvCS. :tlmos t 
twice as III IIrh :IS t he best acoml ie 1'I:!f'ordi ngs of I he Ii me . The Tel 1\:1 nlll) u i \1111 
WilS a IIllllliplc·keyho.:tnJ instl"lunen l , lI~uall y pla yed by two perJ'nrmcrs, ··Iour­

h<t ttd$." The pc)"forn1er~ presented", I"epcnory of .he n'spcn ,lhl c music or tltt! 
day (Bill:h, Chopin, CCllIuod, Gri cg. R(J'\Si ni .. ell:.) 011 !"cAul"rl}, ~t:ItI..'(I(lled pro· 
gr:ulls. Ouc could visit TeJha nnonir I I:dl l() Itear .hese programs Ot suh~/'j"ibc 
to a lelephone cin·uil to hea!" them clse\\'heI"C. Thc New York Elecuit· ivl u~il' 

CO. ,.,,:IS OJ prcdecessor o f l\ l uz:lk. 
Hesidcs l'epresclltinA .:t IccJlnologic ll slaH!-or-,hc-:J II, (: .. hill 's Tcllwl"luo· 

n iulll was:1I1 ecollomic :mll "ocbd prodllt"t of its lime. r ile sell e of fifl:mda[ ill , 

,'cstmerH retillircd IV~\S represel'llati,'e of ra.pita l txp:II'Uiivcncss in the Ull ited 
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States at the tU1'1l or the ccnluf}'. C:lhill's idea stemed like i. /{ood i.H'c.~lInc . u 

rO!' lUany rea~OII~, no[ thc lea!>L or wlli(h W!lS the delail ,1 1111 compn:llemjvcllc.~~ 
o f his p;ILents. I li s t:reali\'c cuntcll1!Jorllri~ llIay have hall C(llIal !>ciCrllifit: :111(1 
an ilitic. illl:ll{il1;llioll, bill few had Cnhill .... 1q.:711 experience ill !'>ecul'itl~ patelllS, 

The }'e:rn. fmm 1907 lu 1!lI!J ~aw vcry litt k eiefll'Qt1it llHl~jl :1 1:1!\'it)'. But 
Ihe [elephot1e imluslry wa~ hftl'd at 1,'Qlk on lcrhnol(jgkal dtvdnpmellt. p:lrlil' 
n larly the proc(,~s of clcnronic amplifiGllion. 

II I [920 lhe Ru~sia ll Leon TCnllCl1 int rodllccd hi~ "Therelllin" ill Cellin , 
grad. The Thcrelliin .. died cntil'cly UpOIl .~lt.~lilincd I'ISci][illinl1 ,~ ;H'hic\'cd hy .. 
1';tCUlllIl·[ube beat f.'equclI'}' I)S( illa[OI', Thi~ ill~ trtll11etH i ~ llOI performed frolll 
:1 kcyboard. bill, radH:r, is cotllrolled by I Ill' indigcno uli illteranion uf hlnll:lll' 

holly lapacitanlC Wilh tlte i1l1>11"1111)('11I iL<;elf. Fill' sc\'elOll de(":lIies tllt~ Thcl'cm in 
wa~ pCl,rOlllled w~II'I\J·witlc [»)' ;I ll ll lllher or virilln.\(~, :t 11(1 is Mill II~cll lOtI:IY itl its 
Ilpdaled lnltlsilitnri7C(\ \'(!r!iiolls. 

Sevc.",1 other lil'c·dcttl"l)llk Illll~ic in S tl '11ll1e llt~ werc im'Cnt cd ill I.he '205, 
ilnWIlJ.: [helll ./iir,r.r l\<bg'cr's "Sphiiropholl," 1\I;wrice i\1"nenot's "Ondcs Mar, 
r.enor.," Rcne Hertl':l1ld':\ "f))'ll,lIl1nplll) II C," nllt! Fried l'it'll Tl':tutwein\ "Tl'llll' 
tonillll1." ~]'hc "' rr;ll IlOllilllll " W:lS II1111Stilil hec:llIse of il!! liSe of Ml btl'ilClivc 
symhcsis for ~(lltntl prUdllf'l ioll; i[ i.~ ~[i llllscd in l.cllHany in lIlotlified \'C '''iions, 
The "Omles M:lncuul," illll'oclun;d in P,lI'is ill 1921'1, hCGI1l't:, Ihe lHust widely 
101 0\\'11. Somc o r [hcse inSU ' lIll1l:11L~ clIlp lnyc!d a IIwvin.I.t·(oil IOIllI\rH.::tkel'. ;md 
wcre tlllll> rreed rrom lhe usc or telephonc :Hlclitioll iu t .. :uliliOlla l 1'(lSlecn 
.loi lll ,ttiOllli. The clecl I'onie lHusk inSl.rlltllCII I ~ or the '20s w(,' I'e 1I0[ UC('css;!I' ily 
l'ol1silierc(1 conllnerl i"lI )' fc;lsiblc ror mass pmtilKlion hy their i llVeJllOl'~ 

1 his despi te 1 he Jlllill k e IHhll.~i:tSIll, p;lrl icul;u' ly ; II I he I:uc ':!:(Js, fOI I he IIl!W rrod· 
IICts 01 :lflIIICII(C: r;I(li()~, elcnriGl1 recording!'>, :Ippliallccs, ;I ntl :llllOlllOhi1cs. 

Howevcr, onc m;IIl-!..;llu'CIIS H;rll)mOlld- w:t5 definitely jlllcres(ed in (om­
mcr,c . .lUSt berore thc \Vall Strect cljS:lSler (If 1!)2!J 11;lItHllond c5whli lihe(/, in 
EV:lllsl0n. 111illois. :1 wmp:!ny to huild clcClrir- (11'':':''11);. ' I'lle H;r111 11lIJn(/ OI'g-llIlS 
(If lit(' '30s were rCtllark:lblc inSII'Llll1cnl!>, They wel'c :l1.I1":lIli\·c lleerlllSC by c lec· 
U'oni( lllC,HU, they :u::hic"ClI in :1 smaller p:lck:lgc :It much lcss ("OSl sOlllelhing 
(If Ihc drcl'l of lite J.: I ' III.10I'~Ilt:) pipe org:rns, To Ihc pmisl the llanllltolld 01'g;1I1 
W:lS tl di s.'ll',rcc. Ihll c nough buycrs werc fOlllld dr llillJ.: lllc cl..OIullllically prC!­
('ariolls '30s to enable IlamtllOllll Lu st:l)' ill bll!'>inl..'<i5, pal el ll ~evel~1 h:lsic pm. 
cc1l11l·l)s. :IIHI cs[:rblish his insll'UIliCIll :r~:t hnll'iChottl word, 

In {"cnail! let:l 11lic:tl :m\! mmic:ll I'cspcns the H;UIlHluud Ol'g:1Il i~ slill ;1 

vcry illLCrcSli ng eh.'Clronic Ol'g:tll. The pul'iq~ wcre right: il didn'l sQund likc 
:t pipe organ. nlll llll! un iqllc drawb:n' .s)'~u"l11 or :ltld ilivc timbre s)'nLh<!Sis 
(rlllHktllll'lll:lIJ y all clliciclIt eSlcnsiOlI of ' ['h:tddeus C:rllill'!> Telh:Il"lllolriurn ) 
places tile H alnnlolld Or~<ln in I Ilc l':l (egur)' o( li vc-c lcctron ic 1l111~i c S)' lllll C~i1.en:, 
AmonA OIl,er adlie\'clllellls, IlantmOlll1 'Il'('olllplisl,ed sla lJlc inlOn<lliolJ (:I COil ' 

SWllt pl'Olllem for cleClrOili ... lIIusk insll'utllenlS of lhal lillie) by ;uIOIhcr 
prani('a l extensiOn of ;1 (;;Ihill principlc, sy ndtronized cJcnrOnlcchanka! 
sO(l lld gen er:Hol's. l-htnl1lolld a lso p,Hcmet! :I procedure or e lecl romech:111i(::r1 
I'c\'erbc.r:uion that usecl the ht!Jical lOl'SiO Il or it coiled sprillg, which is widel), 
used wday in man y electronic HIlISic appiic;ltioIlS. 
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Br the talC '30s H ammond had compCtilioll, incl uding the Engli~h Camp· 
ton Ot-gan, the Can adian Robh Wave Org<ln, a nd the " Ho ul"Ilc E lectri c Pipe 
O rgan:' III spi te nf:m economic depression, the eleclronic o rgan hall becollle 
the firs t wielely IIsc(1 clectronic IlHisic inslt'umelll, and it held a fi rm position 
in the "Icistu'c ma r kct:' 

Among other tcdmic;ll achie\'emcnts of Ihe '3()s wcrc the fi rSI tIcmomtra· 
lion of Lc lc\' is i(!Il tr:lIlsmissillllS II m[ ::.evcntl impo rtnlU de\'elopmellt.~ in 1lIap;­
netic recordi ng, The first of the l:lller was t.he discovery of altermllinl-; 1":11,']"enl 
(Aq bi as, a pl'Oce<lure tl"'l m ixes :, super!;onic currCllt wi t h the audio sij.\n:ll 
during recording. AC b i:ls hclps to minimi ze d istonio ns thaI :trc inhercm in 
lhe tl1:'!;lIctic rccOl"lli ,,~ p roccs.\, Followill):!; a Germ:1Il prolOtYI>C o f mag netic: 
w pe demormr:ued I)y Vri(l P fletllner ill 1!127, I.G. F:lrbellindu~lrie (pan of 
the (anc! lhaL inrludcd the liASF fi r m) developed the fi,."l practic;d oxide­
co,lI cd pillstit.. "'pc in 1932. In tonjullcti(m wi th the Gel'lIHIIl itltlllSlrilll rime! 
A EG, the prOtOI )' pi(~al magllct ic t:I pe recorder ca [Jell lhe "~ r :,).\·nelOphon'· was 
int rod uced In the 1935 Bert in Radio F:lir. ,\ ( t he I~A SF Ludwihsharcn faclOr), 
in 19M. the fil"~ t rnngnelic t:tpe "ecordiug of a symphony orche$u'OI W:I.\ m:!(\e: 
tht: Londo n Philha r mon ic 01"( he.~!nt 1>CI'forll1illg MOlan. Other kinds of ma~­

netic tOlpe recording werc heing de\'eloped :ll the s.am e timc, illdudilll4 tile 
" Hl armerl?honc" tlIld rhe Mil lToni.Stille TccOt'ders, hoth or \\th ich IVcl'e being 
produced by til e lone '!lOs. T[ !cse lW., lll;lcld ncs used <oOlid Sled tape o r 3· !(I 
(i-mill . width. A reel f)f UI I'C fo r the i\la rconi ... ')tillc nwci1ine wcigllted .. hOIlI 
:15 [1)1\. and ra il :11 TtC<lrly riO inches pCI' !.Cc("H1d. Sp lices were m"dc hy ,'iOlderi ng:. 
With t.hc tl i ~II IJl tion of the SC("C)III[ World H':1I', the ;mistir im pJic;lIi ()IIs o f 
1ll:lgnelk l;IPC wen' n OI. cl\p!o rcd ;Igai n un til the '5();. 

Artistic Activitv 

or a ll the li\'c·c!ectl"Onir m ll.~i( inSl rtlllIl'l1I.S inr.roduC'cd by 1!.135, Ihe " (huks 
1\1:tr'(Cllo( ' hOls lite cli~till(rioll of h;l\il1g k ul :t repertory of orig ili OlI rntlsi l­
I..omposct! fOI- it. Uh inmtcJ }', it is the repel·tOIl' o f t"Illt~il composed for a ll iw){rt!. 
rHem thOll e.~t:ll)lishes it.~ most scnll e p[;ICC. in !Jist.oq', III the '~O~ ~('\'cr:d \\"dl­
kllown ("(\lIIpmel's ex pel"imcll ted with the OI1c1I'~ i\ 1:lrtcllol; thl"iC im ludct! 
I~;II.IJ H illdl'mi il l, 1J :lrjlt ~ i\ lillwud , Em:.t Toell, ;1IIt! blg;ml V:tJ"bl'. Dill' "0111 
pO'\CI", OI ;\' icI' i\ [ cs.~i:ten , (om poscd an t'xp:l n~i \' c pic('c, PrIll' rll' .~ nl'llr,( I~IIX 

( 1937), for 1Il1 cll lt('1l1blc o f six Otl( l~ M 'lI lCr101.~. which is ~Q Jllllsirally iUllo,'''· 
l ive that it h:tS ad1ic\'cd the !;tolttl, of a 11I;)j01 w(ltk. <III the sa m /.! year Pcrry 
(;l"lI inger I:Orll pmed :l ~coll1ctric" ll )' gr:tphi c score for :t il c liscllI hlc (If tOlll' 

Thcrem ins.) i\forc rcwnt.!y, rhe Ondc~ Jl,f :II'lCli o r h:n bcen r h:cmpiOllcd hy 
)'Oll llg pcrlormcr~ such :IS Ar[ette .';i bon ·S imollo l' ic. W/IO has imrocltlcc(1 ncw 
works by John Cage. J l)sc·~ lal"ia fl. lcslrcs·QII 'I![rcIIY. ,1IIe! Bernard [);.nllcgi:utl. 

The fu ture uf eiel lro nil music W;tS the suhje('t o r I:omidcrahlc disc ussion 
during the fi1"~l h:dr or this (CIllUl'y. In 1907 IIt(: estcellled rom poser and pi:lIlist 
Feruccio Blisoni mellliol\cd electro nic fil m ic: in hi\ "Sketch fo r " tlCW esthetic 
of lllllsir," making specifi(' rderenre to C:thill"s T elh;lrUloll;IIUl . Edg'"II'd V:lIcSC 
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wrOle IIlld spoke abo(1l electronic mmic. :lIld fmm 191 G 011 made I'C]>ealcti, 
thollj.\h unsuccessful ;IlL'cmpts lO ()rj;:t llir.e (ollabOI':lIive c/forts, In the '30s 
Josepll Schillin!-:cr, Leopold S!.Ok(I\\lski, C:lrlos Clwve1., J. i\[III'I':lY 11:lrl)OlIl', 
:Ind John Cage addecl Iheir writings ,mil efforts w the 51.Ibjecl. 

I'll 193!l,/ohll (;;Ige composed Ihe nn;t of a sClies of [i\'e'performance works 
c:ilh.'d " Ill1 :Jp,il1:1T)' LandsC:lpcs." which were to be performccl with co[wcmional 
inslrumenls Jlld cll' ctrOllic de"in!s. 'Vhil e working in Sc;,ulc, C:lgc ex pcl'i­
mCJltcd with Ihe c1cnronic eqllipment of lhc recording stud io at the Cornisll 
School. and com poscd a pan for I//If/gil/my Lt'l1Itl ,lrllpe No, lth:1I required disc 
rcc:ol'Cling~ to be performed all 1I volriahh,··speed reconl pbiyer. In 1911 C:Igc 
moved r,o Chic:ig:o. whcre he condHcled fun her e)(perimct1ls al ens in pl'ell­
;u'alioll far a coll:lhw'ati,'e radio hrO!Hkilst wilh Ihe I)OCI KCllllClh P;ttchen . In 
the IIIHlKilltlly J.n llrlunf}(: No.2. CI'f'tlO;/I (h, and llllt'lgitlllr'j Lnt1d,fCflfJt: No, J 
-,!I I composed in 19'12-C'lge employed the performing of 1';ldio, clcr.tric 
bllncr:;, :'lI1plilied lIl<1rill1/)ubi :ll1d wire coil. audio oscil lators, and v<1ri ahlc­
specd (lise rcconlinA~ ' luwgill(ll), '-mlll,leni)!! No, .1 ",,;IS ill trodlln::d W New 
York alldi(!nt.e~:l1 a M'1.~11111 of Moderll An COllcen on Feuruary 7, 19·13. 

The iIllP:1CI of I[IC Second \Vorld W:lI' 011 the cl'c:ui,'c a1't.s was [)rllt::d: it 
left as:1 1lInnUJIlCIIL fm' posterity t he .~pcclacle of:1 fifteen -)'cil.- g:IP in the his· 
IOrioll conlinuit)' of European l'IH1sic. MaIlY crea li ve :lrtists bcC'al'l1c !'cfugces, 
tllliS acldillg to their IIsu :d sllllm;le~ for ~lII'viv:tl lIle pmi)lcms of new I:t ng-uag'cs 
:lIld (lI~tom~ in adopted 1:lIld~ . In iHl era of iIlSt:tn(:III(''(H' ~ commllnication, Ihe 
disseminatiun of nell' music ami i,leas had become extremel), dinklll!.. The 
rCllIarknblc last l ... ork.~ of Wcbel'll :md ~khiil1bel'g, ancl in particul:J1' tile most 
innoval.ive lU\lsic of John Cage O'1n<l the young Pierre BOllIN, wcre rcfr(ll'led 
through Litis g:lp to mcct their :nldienccs as much n~ fifteen )'C:II'S latcr. Tech­
nolo!;)' WilS dire-Cicci I(]\\' ilrd war, wilh the ironicti effect of accelcralil lg in· 
novalion while restricting :lppli('1tiQn , Witlt :111 o<:casiamll exceprion, Ihe 
Il1f)TnCntllltl of intercst in clec-t ronic II1li~ic was sllspcntlcd Illllil the fUlllrC. 
Two )e~!l's :If tel' C:Igc's /magilltn )1 Lall(hrtlpcJ o f 1912, Pcrcy (;1,ling:cl' and 
Blirnctt Cross constructed an instr ument of e ig'hl s)'ndrron ir.ed osc:ilJal()l'S for 
Ihe cOlllposil.ioll of "free ml1sic:' 

J, was <J fel\' YC:II'S ,,(reI' the \\Iilr cnded Ildore cxpcrimcIII:d work resumed. 
III Paris in rhe l:1lc '40s Pierre Sclt:tcfl'er and I'icn'c Henry began dwir experi­
ments with disc rct.Orc1cl'S ill the Frendl R;rdio, :111<1 Paltl Bni~c1CI composcd 
a serie.~ or li\'e-pcrf()rm,1nCe works for instrllments. t:tpe rcwnlel'S. ilnd o.sdl l:J IOr~. 
Itl 19-19 Ihe German e ngi ncer Harald Bode buill Ihe elcctronic Mclnchord, 
(lnd Oskar Sa la modified thc Trauwnium ,mil its original live-perfor­
malice fl1nction - the result " 'iIS the J\'fi1<llIl'-TralilOllilllll, "'hich was IIsed to 
wmpase ,ilm sou nd tracks, T he musical instrumcnt fi "111 of H o hner I)cg:m 
producing vario us popular electronic IIwsical illSlnllucnls in Tros.~illgcll. In 
C:matla. engineer Hugh Le Gaillc. working for the National Researc.h Council. 
began in 1948 iI long C:lrcer dC!i igning electronic music inUrlllllents. Be tween 
1945 a nd 1950 the tapc rcconlCI' " 'as inll'o(\lIcCtI to the Un ited SI:IICS, the first 
production units being modeled arIel' lhe Cerman ,,'ar booty "Magllclophon:' 
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The appearance of Lhc tape recorder engaged virtually !.he enure :lllention of 
the American composers inlercsteu in electronic ml1sic, wilh Louis lIml Uebe 
B:lfl'on bcginning their tape experimentation in l!HS. 

LIVE-ElECTRONIC MUSIC SINCE 1950 

The gencl';11 avai[lIbility of the tape recol'der a few ycars after the Sc«)nd 
Wodel Wilr lltimul;ucd a I':lpid incre:lsc in clecU'onic music activity from 1950 
on. Magnetic tare was tbe first storage medium for sound which wm. rC:150n­
ably editable: iL could be acc:urately cut ilnd ~ plicecl . During the '50s most 
compo,~el's treated magnetic ulpe in il manilct analogous to that of filmmakers 
working with film. All with film, tape music was "composed" [;u'gely through 
editing. UlIlil [960 there ,.;cre very few exceptions to the use o f tape il5 a 
studio medium, though it was a ,.astly more relevant me than is usually im· 
plied in thc term "can ned" music. These cxccptions began to appeal' in Ihe 
lale '50s ;Itld inCl'ellscd rapidly !.hro\lghoUl [he '611s, Sorne coll1p()ser~ used taped 
sou nd in live ccmcert wilh inlltruments or voices, Others cKpiored tile LIse of 
wpc ill innovative performa nce situations without referring tu U'aditional 
music; or they c1cvell1pcd j'(!:ll·time studio led1l1iCJues that were in themselves 
live pcrfol"lllilllCCS. using wpc on ly to rerord the result for distribution. 

Morc significa ntl y, some composers diSC:lIrded the Lapc medium :IS a 
musical premise and expiorc(1 the lise of elcc:u'onic devices. sepanltely :1 nd in 
conjunction with acoustic insu'umellls, as a basis for live-pcrforlll:lllce, Fil1:1lly, 
digit:ll computers became incrcasingly va luable tools for l1lusic;d (ompositioll 
and sOlLnd syn thesis. and hy 1970 were variously ;Ippli(.'d as liw:-pcrronnanee 
inSt l' tllnenl s. 

Live Performance of Instruments with Tape 

Composers that lise magnetic tape rontilluoml), experiment with way~ to pre· 
sent their work. to .wdienc(!s, HrO;ldcas\ ami recording lire successful because 
they al10w the audielH:c to dctermine for themselves the formality (or 
informality) of how they listen. ('hlying wpes for audiences in the coucel't hall 
is another m:tuer. The cOlleen audience has strong traditional CKpc<:lalions. 
Audiences expcct to sec as well as hear a pe.rrormance, ami I(JUdspC1lkers ,Iren't 
much to look :It. 

furthermore , many composers who \.;ork wilh tape sti ll compose for t:on­
ventiona l instrtunents and h'l\,c specific ide.ls on how to combine the 
medi .. , O ne of the first rombined works has bccome a dassic. Edgard V;(rC~c's 

remarkahlc J)eser/s (19'19-52) illlt'rna[~ Letween con\'t:lluonal instruments and 
!aped sound~, producing the cffect o r a mOllllmcllIa( sound sculpture. H o,.;· 
ever, by lhe mid '50s twO collaborative compositions hy Ouo Lue ning and 
Vladimir Uss:\chevsky had become betler kn()wn. Their 1UWlJsodir Vlu';a/icms 
(195~!H) :lnd A Poem i" Cyrlts find Btll.f (1954) had reached the American 
public throug'h broadcast and recording. 

The L[tening·Ussachcvsky works were composed in New York City, r:ms 
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of the V,nCst Deser's were {Iolle in Paris, where beforc 1955 other works for 
iustrllmcllLS and lapc h:1(1 heel! cOlll poscd oy P:llli Boissclct, PiC!Te HCI~I-y, 

Andre I-Jodier. Darius Milhaud. and Pierre SrhaerfCI. From 19M to 1960 (he 
repertory ror instnllTlCIlIS and t:lpe was increascd by works from Belgiulll 
(Louis fie l\lec~ter, I-Icnri POllS.~CIII") , Engl:!I!d (Robcrw Gel'll;rrd), Ccrman)' 
(i\'1;lurido K'lgcl. Karlheim_ SwckhilUSCU), Italy (Llld:lI1o l1el·io, .101111 Cage, 
l.uigi Nono), the NClller]:lIlds (Henk !ladings) • .Iapal! (Kunilr;rnl Aki)':tlll;r, 
Shin lchi MaISllshiu!, Mak;rlfl i\lol"oi. Jnji YlI:lsa). ami lilC UllilCd Siaies 
(Richard Maxfie.ld, John IIt.'rben i\·rcDoweil. Gordon Mumma. Roben Sheff. 
MarLOU SII Ilo lll irk). In the 'IiOs \\'01'k~ fOI thi!'. mcdi um Gllnc frolll Argentill'l, 
ALI~Lralia. Auslria, Brazil, ClI1ada, Czechoslovakia, Denmark, Finl:lI1d, Greecc, 
Iceland, hr;lcI. Mexico, Pobnd, Spajn, Swctlcn. ;\I1d VUAO);I:!.vi:. as well. 

The SOLinds c()mpo.~d on UlpC h,1(1 m:lIly ;HouStiC :lIld cicC;lI"Imic WlJnc.~. 
A few composc .. ~, ho\\'c\'cr, wcre IHarc inlcrc')lcd in elc,·u·ollil· ~)'I l1lrc~i !> dian 
in I'fpe composititlll. ror Miltoll Bahbiu nwgllclic lape Willi prilll:1I il y ,I w<ly 
of swriug thc mllsi( 111:lt he hnd ("(J1IlIJOscli with tllC RCA i\hrk II. .s)'nthcsi~.I!I" 
llabbiu also sylllhe~izetl IlH1Sic thal was stored on Hq)C hill wa~ intended tn be 
heard in live perform;!Un:. IIh Jli.fhm Ill/If Pmyn (1%1) and Pllifo/l/l"J (19!i4), 
lK)tlt fOI" soprallo :Intl sylUhc~i1.cd ~ollnds, :Ire c . ."O(:lIl1plts. 

Tile W:f)'!'i of n)lnhining ill~lnl1l!eIHS willi ':'IX! :lIe diver"!ie. :Hld the 
IllCt hocls of w()I"ciin:1! ion :lrc p:ll·licul:r rly i III cre:.til1g. III l.IICi'1110 l\crin\ f)1/!Cl·­
/:lIrc.~ (IOrIN- liO) and Mal1ricio Kar;d·s Tn'ln.~irr'flll 11 (l95~5!)). lhe l"pC :lnd 
inSll"UlllCnl;d soumis OCCUI" ill ensemble. Being dcrived from the instnllllC llI s 
lhcmsclvc.~. the tape SOlllHls if! timc. .. like 11 natl1ral ex u:mioll nf llic live insll"u­
ments. M;ll·io Davitil)vsky, ill his TIII"I'~ SYllrllmll;I·lIIs (19fi3-G5) , ;lIlt! Roherto 
Cerhard. in his onhcslral Col/llgcs (I~IiO) , II\C wped so und" of c!culonit origin 
as wcll, anrl COIi!l<lst is very speci fi c. 

Ex(;epr fOr :>ilphistieifled eXllCl"imcmal tifpe m;J(iriliclo, "'here .\pecifiC' cn· 
orilin;lIion is required, nliisici:ms Illll,~t follow lhe LClnpO cst .. hjishetl 011 Ihe 
lape. Some composers have invented special lH"llalion ror Ihe Inpe.storcu SOllnd 
ami have added il to [he fIIusic:d nOlaliOIl of [he illslrumenl:ll parl'). O\'el' 
reasonably sllon ,I Unci ions, e\'en willi COUl ]l!cX I.;lpe S0111"1(1S, in~lrllmcnt:rli~I" 

have fount! it pl"aclical 10 Icam the tape "hy car," so tli;lt in Oaviclov!>ky'.~ 

Sy"rliJ"()lliJIII.t, for exall1ple. very strict tililing i!> :fcliicvcd. AnoLhel' !'.),lIdll"lllli,· 
ing procedllre use!! it special track of l1Iulti--t:h;Hlllcl lape for CIIC5 Ihal Ihc ill· 
strunl(:ntalisl l'c:lrs thr()ugh Ileaupll0l1es. All cady (!x .. lnple is Ramoll Sender's 
Deserl AmbufflllcC (1964) for ;unplific(1 accordion, stereo tape, ami lil{hl pl·O· 

jection. Sender used ;J special thret ... rhannel tape: tWO dUlI!ncJs conl;tillC.:d the 
~lcrco sOfln d$ he'ln.1 hy IIle ilUllicncc, :lIld life Ihird, Ileard only by lhe lIC­
c;onliollist, COlllained pitches, liming cues. ;Ind spoken instructions. In Ihe 
Lyric V(lrllllirm.f !or Violill (lIId CI)m/JllfCr (I9fiR) (."omposel· .J. K. R:mdall 
synthesized lhe tape sounds with "n IBM 709,1 computer, ;1Ilt! also 11:1<1 the 
computer produce a metronome t:1pC Irc:lni oilly by lire viulinist 

]\-(any live instrumcnt-tape. compositions do IlOt reql1ire precise synchroni­
zation. Indeed, somc I.:omposcrs arc interested in h;n·ing tlte tape and live 
sounds occllr quite. independc ll tl)' of each other. A classic example is .John 
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Cage's Aria with FOll/nua Mix (1958). Finally, somc works such ilS n<lmcy 
ChjJd~' Illlerbaflll1cc. VI (196'1) require the performers to prepare the u'IJe 
(rom sounds :Jnd synchrollil.i,tion of their own making. 

Performed tape 

Froll! a roU:.iJoralivc tape.m usk project cstal>li5hed in 1951 hy Ealle Brown, 
John Cage, Morton Feldman, O,l\'id Tudol', and ClwiSlian Wolff (w ith thc 
tec.hnical assis ta nce of Louis and Belle Barron), Cage composed his rvil/inlll~ 
Mix (1952) fOI' eight !I"f.b of t;'IX:' The work has ;, sool'e that constilutcs a 
!l,ntel'll fOI' clIlling and splicing the l:lpes :lnd !lUI! e.~w[)l i shes an early premise 
for [renting t:lpC music: as a non-lixed medium. ''''(Irking ;Il Ihe Studio (Ii 

Fono loAi:1 Musicali ill 1\ l il:lll in 1958, Cage colllpuscd F(lIIlfi1'II M ix for four 
tr:lcks of tape. FOI//{/Ilf/ Mix has ;1 score thaI is used in live pcrfonllOlnr.:e to 
modify and distri hutc the sounds in space. 111 Cage's /low!'l Mix (1965). lhe 
pel'ft,rmcrs, ..... ho may indude tTleml;crs of the audicnte. supply tnpes of sounds 
Ihal arc spIked into loops duriug' pel'formnllcc for pl:lying on :1 large ensemble 
of lilpC rct:orcicl's, Olher unmual applicMioll5 o f uljx;-Joops im:lmlc Alvin 
Lucier's The Gilly TlIlleill!!. Mru-h irlr o{ its Kind ill flip, World, .mll Danicl 
Lclll'z's Riet" 11'11.\', IIml NfJ,,/'tItim:. III hOLh wf)rk~ \'cl'y long loops arc Llsed : in 
Lenll'~ piece the pc,.rornler~ m'e cncil'l:lcd . :md in Luci(' I"s .he ('1I[il'e audiem:c 
is cncirdcd. 

Robcrt }\ shle}"s d:I.)osic Thtr fomlll of Jill)' ( tUliO). a t:qx: 1:01IIPO~i l i()n for 
Ihc:llcr as well as COlleen presentatioll , was made ill :1 studio of [he composer's 
OW ll dC!ii~ ll , wllich allowed for consideraule rcal-lime perfonll:IIlCc Oil Ihe 
equipment. The tntihi-dlilllllci lape of Ihhley' .. I"llul i(' Opinion Ur:SCCII</.s 
U/)f)1I IJII' /JeIllQ1ISfr{//uJ"S (196 1) is performed livc according to tlte illlemc.tion 
bClWCCIl ,l nota led SCQre ,uHI the 'Hlclir.nee I'csponl>C. The ,'etllil rkahl r. work of 
Rich;II'r! ~Iax(ield W:IS c::ompo~d on ma~ nclic lapt' I)y his 0\v11 live-pcrforlll:lucc 
studio tCdlllitlllC5. 1\<I;Il'/ield's N;~hl ilI'Hic ( 1%0), AlI/az;lI!!. G1'IICC ( 19fiO). anti 
PI/1II0 Crlllr:al /f)r 1)(lIIi(1 1'11(/1)1' ( 19fil ) have bcen hc llltc(]]y rcrog-nl/cd. ,wd 
their LCdlJ1ie'll :111<1 1l1115iGiI procculIrC5 are now widely imitated, 

E.l11l')loyinR ;111 5<.)rts of inllov;uiv(' .!.lmlio proecflurcs. PnuJinc Oliveros 
c.oll1po~cd in 19Gfi ;, series or rca t.lime siercophonic: I;IPC com positio ns, or 
wIJi.h I u/IV is bOil known.;\1 the ~;lInc time. T erry Riley dc\'elopcu;, live, 
polypl!!')n!., so[o·perfonllallce inlel'anioll among I"pC .. e,ordcr~. sop!':!no saxo· 
phone. anti eleclric OI'g,UI, (roll1 whirl! COJllPOSiliollS ,tid I as RII ;uhmd ill 
(.'111'1'('(/ Air ( t9tiR) :lnd f'o/JPY Nogf)(}(1 IIII(f till' Plum("'/I Oil/iff (l9/i6) wen' 
prodm:(!(!. 

On comtnis~ion frolll NI-IK in Tok}o in 19(;6, Karlhcim SU'lckh:ltls('11 
uCK:ln Itis Solo {iiI' Mclodic'ill''irWII(' II/ 111;( RiirkkIJ!J!J{If1/f!., Thougll opell' 
SU'ltrtured , the rOml of t.his work I'C(l'lircs precisely lised rime delays achieved 
by Illeatl~ or" IIl<1g'nerir rapc fcedh;lCk loop. The ])I'echiol1 nc('c<;.~ary for these 
lillie del:tys \\';t~ nol elliciclIll y arlliC\'cd IUlli! a few }'C;II'S lalcr when :1 sped:ll 
III Cc!I;lIli~m o f :t(ljll!>lithle pi;I),I);lrk he:ld~ W:I$ cOllSu'uctcd. 

Pedw ps die mO~1 lIumu:d use of Illagnclic tape :IS a livc-perfol'llmllfC 
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medium has been ;Ichic" ed by .Io n Hassell in his works M II PI J and Mlll'/2 
(1969). Hassell com posed these wm·ks 011 large shceu o f mag net ic tape. The 
pcrformers selecl fro m the $lorcd sounds by moving h:md·hcld pl:lylmck heads 
across Ihc magnetized oxide 5urf:l ce of these sheets. Because of the j::lrge ~ ize 

oC tid., " tape," the composer duplicates the tape by ,I specia.l process oC ll1:lg. 
Ileti c com<lc;l pr inting. 

liye~Eloctronic Music without Tapo 
(Amplified SmtiH Sounds, Performed Electronic Equipment) 

EI(!(;ll'Onil,: a mplilicat io n had hecl! lIsed i 1\ music bcft)1"c thc Second World War 
10 make traditional instrulllents Jom ier :11111 to develop electronic illstJ'lnllc llt s; it 
\\' :l.~ also uscel hy 10hn Ca~c in his ,,~"'gitttlry ' ..lw dsra/u:s. Cagc's use of :Implif'ica. 
lion was prophetic because il was a spt.'Cial sense of magnilication . Th:n is, 
instead o f <lmpljfying sounds that were si mpl y IlOt {]lJileloud enough, 11(' 
expel·irnented with sounds o f such :.ma ll rnag niwflc that without amplirlf:ttio ll 
thcy were pr'l clic:tll y inaudible. Elc(:tI'Ollic.l ll y 1Jlah'llificd , 11ICSC micro-sounds 
rCl'c;t/cd a whole new world of so und resolln:c.~. AI Ihe studio (lr the French 
Radio in J'ari 5~ liti:; di rection WOlS continued in 1%2 by .I ca n l.ouis Bral! in lib: 
CU1lCC!·/ o (It: J(!I/TJicr~ m:ldc directl y with microphone en:c.'Cls. Hut che li,'c·pcr. 
rorm:lIl1:e implications: of Ihi:; lI'urk lIo'C'·C missed by tht! Fre nch Radio experi. 
ll1CIlWlislS. who continued to work with magnetic tape .In(l d isk m:ulipulati ol1 s. 

Following eig lll ye.uos of inllov'Hi\"c work wilh the: "prcp:ucc! piano," C:lgc 
reSl1 ll1Cd ('(JllIposing fOJ" li,·e·e lertronic means lI'i tll the [/1IlIg;/lftry tmulscnlUJ 
No.4 (195 1) for J2 I""dios with 2'1 performers. Th i .~ wOl·k ,Ifld t.he Ululw MJll'lc 
(1952). Speccll (1%5), anti JHIIJic f1!lIlk ( 1958) that followed , was :In explora· 
lion of thc I·,.dio rec 'civcr as a ii vc-pcrfol"nla nCe iust rumeill. Aftcr ()rllpo~ing 
f WlIgi lUII'Y L fIIULcllPC NQ. ) in EH2, Cage did nOI fellt l"n 10 lhe ~t$C of micro­
phoncs IUitil his Il'ill/l'r Music a nd f/tll"ill/iolis fl of lhe laIC '50s. These fWO 

composilions werc developed by David Tudo r as WOI ks fOr amp ii fi(.'d piano. 
For I1fi11le r /Hu sie, Ihc pin no wai; performed from the kcyl)C)ard and made 
ultra-loud: V(lrill/i01IJ If was an explor-:lIion willi COnl:ICt microphones that 
raised the micro-souncis from inside the pi;Ulo to (oncen audibilit y. 

In I!J57 t.he members of the i\llwi/t!S/fI/ i ol/.f: Light (II/II Sall/l(1 prodUCtions 
in Ann Arbor bcg:1II Jive pe rfOl,mltl ces o f :ullplilicd small so tlnds, tape Illusic, 
and ligh t prnjection. In 19GO J o hn Ca~e composed the Music lor AmlJiijicd 
Toy Pianu.f, whidl med comrlet microphono, amllhe das.sic Car /ridge Mu sic, 
which used phonoS;'I·"ph cartridges. These fow· Gage works werC PCI'f01"lLleti 
widely, p.u·licul"rl y by I)"vid Tlldol' a nd lhe comporer, and were" consider· 
;lble st imulus to cxpcri mclII:ll iou in ]ivc·ek'Clronic Illusic, Live pCI·for111;IIlCe 
with illll p ]if"jed li lll ,llI sou n(l:; aided hy I,he dc\'elopl1lcllt of nc\1o' li vc·pcrfon ll:lI1Ce 
electron ic C(jllipllIellt, Ileca mc an imporw lIt :lCli\' ity (luring the ·fiOs. II gr:u.l. 
nally att ntctcd the aw.'llliol1 o f man y who, philosophica ll y c.:olllwittcu to the 
tape medium, had previo usly dism issed li,'e·pcrforlll:1IlCe electronic ll1usic '.IS 
an unworthy endeavor. 

Onl)' :1 few other composers work('!] wi! Ii Ii VC-C1CCll"011 ic; music berm·c 19fiO. 
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III Ank:lra , Hulcm Arc! compoM.'1.1 his M IiJic for Slrillg QIWl"lCf alld O.fcil/alm· 

ill 1957, ami in New Yorl:., nick Higgins com posed (;wIJli i.\· 2-1 (I!I!iS). 11 score 
fcw c;;olltl'oJli llg L1lel'e ll1in~ and feed back. 111 New Y(II'k, Jue Junes lTc;ILcd a 
man'clous menagerie uf eicctl"il"";11. cle<tmnic ~lI"ld lIIerit;lIlicd insl nllllcm~ lhal 
on Ol'f' asion u)lild be heard IJcdormillg I)y tllclmcil'c\ ill tilt' Inl)bic.o. (If IlWdt'nl 
lI1u~k cOllcen Iw/ls. 

Her.wcell 19fiO :Inc! 1965 IIIOSI Ii\'c-(!I<.'r lronic IlIU~k'lI ti "ilY Ut"C urred ill cit e 
Uniltd SI;"II CS. II W:I!\" nOUl'islled Ilot onl y I>ccOIlIse of ;"I spiri ted cxpel"iuwlIIal 
lIlilie u. bill al so h(',ame lite hCIlCfil$ of lIolit!·st:llC e it'nroni,' lcdll1ology were 
moSL access ihle in Ihe Uniled S\:I Ie;. The Antcrk:1I1S wit" cOlllposed fur lin~ · 

cicnronic pcrfnt"tlmnre during tll('SC rears intludcd Rubcn A~hl ey, Philip 
COntCI·. Max DcuLsfh , johnl!;.lwlI. Alvin l.udcr. Gordull i\[I1HlHla, I'\la x 
Ncuhaus. David Tudor, ;"Iml La l\Iomc YOtIIlA. Outside l he Unill!ci SlateS, 
si milar work W:\ji; dOlle by Tak .. hisa Kostlg ; in lapan. G il \\'0101:1 11 ill FlOwn:, 
Karlhd!l1 SIOLkh:lllsc n in Ccrlll:II')'. anti GillSeppc C hiou'; in Ital y. Froll1 I!Jfi(i 
lI"'o u$l 1! I!J70 COtUl)(isili(]lI ~ o( livl!:·e lcC:lrOllic ntUSil' multiplied rapidl y, Ihc 
m:ljoril }' of activit y 'it ill in tile U"it cd Stal c~ , Li\'c-e1CClronic lIIusic mlltpo~i. 

lio/ls WCre. l)("C;t~;o ":lll y ;'isucd on ,·omlllc ln:.1 l'cfonlinWi, and WCI"(' pcrfonlH.::lI 
willely C!l(Hlgh in ,onrC/"l In ('st:t hli ~ ll a sellse of repell Q!'")' rl)!' 111(' g rowing 
a lldil' nccs irllcrt.,<; ,c(l in new nllJ -;ir 

In lite repertory of Ih·C·c/C(LrOltil mIlS;( the 1'0n tillu ;"1-\" \\'Ol" /.: fll lohll 
Cage : 1.~51l1llC!> I" rs~c proponiolls. III 196 1 Ca~c mmpmccl At IHir lor Gm iI/oil 
Na, ·1, :llld i l l 191i7. Mm lr for r:tl J" illrlll )\In. 5. therr'by lflluplctillJ.;· :1 ~c ]"i (.""S or 
pieces frU' elec;tronic r:will()1l th:1( h(~ hLWUI in 1%2. Af/lls 1rdil,/ im liJ (I~J61-G2) 

is:1 worl:. for laq:;c c nscmble \.-1lh "al'iablc c!eclionk mocJifi,:ttion, Hot/II'/ {\1,:" 

(196:,) is;1 l);(rlif ipaliw! picr.c Willl:1 large emcl1lhlc of pelfi'l"ltlCd rape Inf)p". 
NPSCHD ( I%!J),,, (.'Oll:lIlol' ll ion willi ('onlJ)(l\cr Lejan..:n I liller, n unhill l!.o; !ifly· 
(lI lC ~ornptl ter,sYIl1hr::~i/Cil tnJ>t~s wilh~c\"cn ckf'll"oni~ :tl ld OIl1lpli li t'11 Ila l" jJ~i ­

rilonls in li ve pcrform:ltI,c. T he seriL'S o f Vnr;lIf it)1/ .t tlUtHl WfCd frum I 10 VII I. 
IICgll lt by Jnh n C ij:!C in I!1!iR lU1I1 C("Inlpleu:d i11 Hl(iS. IIl.lld r: I! 'I'('afll ing itrtplii;l­
liollS. By \'''r iuus clq~alll. inf)o\',uiom ill !{l":l pllk noCa tio11 . the wl1lpo~(.'r l>ptd, 
lied Ih e cir(lltllSt.mcC5 and o utlined Ilw procecllllc~ for c;lih of !hc I' (lr;lt/;'m$. 

Thc~c V(Hifr l;t)1I~' :II'C phuls for Sot. iCl ics o f :Ic ri vit}" noL nC('es"~II'i Iy lilllited ttl 

1I]t15irai ;u-ti vi t)', and :tS ~notl plans should , till")' ;tllo\\' rOI" lhl' updalillJ..\ or 
clCClro nir and (l lliel' 1II1!:tm 1(1 "dlir.:w! thei l' e nds, 

Clo«!Jy :"t!j..'i<ltia tctl willi Ic}lll l c.'ge, Davit! Tudor /la" hc{,t1 I"espun~i blc r()l' 
IIll1( II of I hI! LL'(' lllIoiog ical and pCtfnrnlllll<:c rei fic':1l iOIl (If LltC.\C ..... "r /.: ~. P:II,d ld 
ing hi ~ activitics"~ thc llIa;())" perr') ITHel' of irlll()\':lt.i\'C pi:I IlU tlIll~i f i ll the · !iO~. 

Tudor c!l! \'OICi! much of his t ime in the 'fi(h ttl p1"O~cl ) 'i 7iIlK :tnd to pCI f(lrmi,,~ 
:111<1 "()\Il"i 5hi ll~ Ihe li vc-clectro"ic music 01 olher composers, I" Lite w:, kc of 
lhi!.! incrcd iIJl c ;I(.livil y aud dcdic;rtil)lI l() ()rhC r.~· work , Ih c iml'0sillA' fl J;ut"c o f 
Da vid TudQr : I ~ a ('omposcl' appc:lI"I.'d wit h hi s FII/QI"t'S("f'/I1 SOIHI(i (l9IH), 
(j(lIl<iCJIICOII ! ( I!}(ili) and Illl iJ' /lIrcsl ( I96R). 

Elc("lrot1 ic mod iflt.Ollion of electronically gcneralcd ,'>Ql l1ld Mltl CICI'ltonic 
nlod ific:ltiou of aco1l!Hirn lly r:cncl""lIcd sound :1I"C' Ihe IwO mml CUnltllllll pro· 
ccdllrc$ or Jive·elecTronic music. Thc fir.,;l o r thL'SC is lhe Ilal> is of comlllercial 
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electronic musk liynl.hesi;~cl's, Thl' senmd i~ applied by Tudor in his Flu(II'e.\­
C/;U( SOIllld, in which hc ckltronic:Jlly amplified :l11d distril)1Jlcd the 1I1c(:h;tJlj· 
cd reSQllallll"> uf thc lIuorescent lighl fixtllres of Stockhulm'." i\1oderl1:1 i\ 1 11~ecl 

nil ~eptemhel' 1:1. IUIl·1. 1If1/ldo/lI'()I/ ! ( Ibndoncofl fao('I-i;d) wa,; a "combiuc" 
or pro!,;l:tTllllled audio circuits. u!ll\'i ng loudspe:lkerll, TV ituag"t:s_ and lighting, 
:1I1;1',llCd by rhe ;H,lJu~lir sigll:d~ III :In . \rgclUinc U:llltlIlI1CUn, For tld~ work 
Tlldor dc\'cjt.!pcd ~p<:Li;tl "imll'u IIlCnI,d JOl l d~J.lC;lkcr:'" \\'ith which he cxploitcd 
[lie IIlIi(llIe rc.~on;lIH Ilwraftctistil ~ fir ~Ollllllil1g ph}'~ititl ntateri:ds, Thi~ ('011-
tcpl or the JOlHhpeakcr as ;I Tllusical inSII' lIl1lc,1I was hll'lher cxtcnded ill the 
rCIlHlrblJle Rfli/llnfO/ , III this I\'ork, howcler, T udur .tpplied Ihc ~el'olld of 
Lht; lWO bask rnl1ll.!pL~ ;llJove in I'c,'crsc: il is:H1 cX:llllplc ur ;'ICOIiStic mOll ilira, 
lion of cle.l'tlon ir.llly gCllcr:ll~d SI)llllll, 

The ~()IlIIds of Rnillf'JlrSI :Ire gel1cr:Hcd I,y ,inc ami plll~c O,~( i l liHOI'~, :lilt! 

:I re ilpplietl hy spedal It'afl,;,ltlrCI1i t() \';tri(Ju~ resonalll olJicct~ (If wooII. nlclnl, 
anti pl:tslk E,ttll or the tmubjnatjl'lll~ of 1I,;tIl~dun::r and n;',~I)llanl ohjcn i~ .. II 
"jU\II'IIJ)leltlal IOlld~I>C;lkcl" Ih:1I acids rlu!! suhU'afU h:lfTlIf,uic;s ;1IIt! OCl'asiwt­
a fly fl'Cate" t OIll lllcx i nlcnnt)(!ul"t itlns wi III IIII.' dec:troni(' (lSI i I lal iOllS, I' ll n her. 
alt:lf'"'11 [(j eitdl "in~lrtllllellt:lllllIlIlsllca k (:I'" is a smallml(Wpl1Ollc Illal all (I\\',~ 

Ih/: :tfCHIMll-ally IItl>dificd SliHlut t(I he fl1rthcl- illHpl ificd :l lId l'csona lill y dis­
trihuted II)' ((!IIVent,II)II;IJ 1(1lJ(lspc;lken IhroughOll1 tile performallfc Spilt:C_ 

nCt-:ms(~ Ihe "hatnHllcutid loudspeaker.,;" Me ,tllcrt('(1 h) I lie ~oll ll d~ I)f Ihc COIl­
vcntiona l In!l(l~pNkl'r~ , a l(:c)'din); p ll l' no lHc IIOIl takes pl;l('c thin makes d lc 
ell l irc cI(;cll'OlI ic';I('UlIsric apl':tr<llU~ of Naill/()I'I's/ :111 en,lo~'k";ll!)' hal.tl](cd 
SOli lid !I)'S[CIll_ Rflil/lon'_11 is g'cl'lel'all) pClformcd by 111'0 I)(.'rronncr~ alld :111 
"nlTlieslI';t" ul' "r(lI'C~t" (If eighl Ie) Iwelve "jnSII'l lI lIcnl:t! Imldspcakcl'''I'' ;n ul 
fOllr COI/\'c nIIUII:I I JOllri!ipca ken, -' -he pcrrlll l llCI~ al' l inl b l.c I he dCI t l'Ollir (I~I il­
lalOl's, di~l.l'ibtlrc IJ1C..' os.-iII:tLions 10 111(' "imtrtllllClllal Imuhpea kcni," ;lntl (Telt!;: 
foml!in.uinn\ (II" "inslI'lIll1ell\:t1 IOlldspe,tkcrs" dIal arc I\c;II'(1 fl'()ll1 the (O il ' 
vcnlirH1.ti 1t)II<1spt'a k!!I'!> , The work 11:1\ been widc' I)' pcrforlllcel Ily the :\ I crn~ 

Cllnningll;IIH 1);1I11:!! COl1l llallY. by whom it I\': I~ (omlilis.~ io l1 ed, Tlldor has :t1~o 
]llodllred Ullillf')J'(~S( i ll an e.""P:llll1CII ('Omcn version, One of Ihese prod l\('­
IiOIlS, ;I I thc "Chocortl:t 7Jl" res l iv~tl in New I I :Hnp~hirc, \\':t~ implcmcntcd by 
it \\'{)rk~!tup ur ne:trly twelvc pC(lplc who. wllai>ol';tting w it h Tudor, huih 
m:trl)' ncw "imlflllllcl1ud IvwlspC;lkcrs" :lIId cxtended the .sou IHI milled,lis 10 
indude prcp:II'l'd 1IOIInds 01 1111/l-electronic OtiRill , TIl(: ChUfOI'II:! in pf,:r l'or­
llialKC \\'<lS pn.:~elllcd in ,j t.II'AC Larn :"IS;I ~i)\· l lIlIlI' Cn l'ir(J II IllCIl I. 

l..:t !\'lontc \'OU II /,(S :ull p lilicC! \'o i t C~, 11':lIti «if)na l i us tl'lInlel1ls, awl Si I1 L'" 

W;II'C (1~C'ill:tl()IS :tre pc.rlurtllcd with ~pe( i li(' 1Il1l! I'arefully dctermil1ed il'llol1:I' 
lion, and arc t'ollibilled ill ensembles I\'iLlI Ihe III},SICI'i()US projcctiun" or 
M:triall Za1.cel:! to crcatc StJIIorOWi harlllonic speclra !Iii" rlre CX lcndcd in li ,llC 
10 produce :11H 1I$ir of cpic pl'Opol'lio n ~, i\ b x Ncuhau,s, it vinuom pcrc:t1Sl)jol'i~l, 
!Iali Il(J t only applic(1 complex eh!nnlllic arnplifi(:1l inll 10 tllc '''l)lk uf uliler 
composers-such as Earle Brown's Foul' S)'JICIIH (HUH), S)1 h ':1110 BlISS()lli's 
(;oiJUI' fumr lJllffcur (19fi5), and .fohn C:tgc's F(lIl/1II1(1 Mix·Fre(1 (19u5)-hul has 
;dso dc\'eloped his own clCC:ll'OlI ic works for pu l)lir pal'lil:ip:t1ion, 1\1'1101114' thesc 
;Ire PubliC' SII/JjJi)' ( I!lGfi), in \\'Ilidl Ihe public is i lt";lcd to tClep hone a radiI) 
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or TV stalion 10 have their \'oice~ immcdi:lIcly modified and com bined in thc 
tnmslllis.\ io l1 . In Dn"lIC· j" i\f 1l.Hr (1%7) ;1 '\Cries o f wcalhcl "clIsing, low·powCt' 
":Id iu trallSminCl's wcrc inslal/ed :lIon,:; a roali in Buffalo, N.Y., )() th:H the 
romrn III i llg pll ul ic hcard the elleclii of { [i Ill;l' C ;11'1([ ovcl'lappi Ilg propagatio ll on 
their :IlHoUlobi[e r ;ldjo~, In 1!'l73 Nctlh:!lI~ installcd 11 11IOI'C !,;c l1cral :'ICCCS~ C II ' 

\iron!LlCllt ca lled 11'tdk Throllgh :It the J:.y Sln,'Ct- nol'Oug h ' -!:til Stalion or Ihe 
UI,dc rJ:,'l'olllU[ Ncw YOI' I: Transit S}'SICm , 

The li ve·declI'onic IllIl~iI: of David Be hrman h:,s cvoh'cd fl 'OIl1 the tcdt· 
nologica ll y e1emcntary (tho ug h musi o lll ), difficult) mc o f :tCtJllstir feedback 
with fQ IlVt:l1tioual tllstrtllT1l'lll$ in his II'lITlclmi" (19(iG), to the notation;tll y 
c.oardin1ltctl u~e of e'ILlali~:ltion awl rrctillcllcy shiftin g of in sll' lllllcllt,lI SOli lids 
ill hi s Pill yt,/'J with Chrll;l.r ( 19G7), to th e tcchnologicodly cblJol'<llc CQll'Hrlll ' 
lion of ,I II e llsemhl e of cleclronic instrumc nt ... for !l lll/throligi/ (1!)(;R), R I/I/· 
I hmllgh consists of asci II :uOl's, rrC{l'lclII y shiflers, \,olwge,wlIlrollcd ampiificl~, 
a od a photo e1ectrir !iOund tliSlI'ihtltioll m:llr;x; it is pcrformcd hy th ree 01' 
more players ",itlt m iniatw'c n:lshliglll s. Behrman dc.~ig ll etl the ;lIl emrting 
ril'(Uil collfigul':l lion of Ille piece \0 tll:ll tliC \': .ri(.ltlS actions of the pla ycl'S Willi 
lheir fla shlights do 1I0l lI ece.~sat"il y pmducc one to·onc m usica l (otrcspondc!lles. 
An e nSClllllle .\it.WlliOiI is created ;n whi t h thc players 11111'1 dell I ",;111 elements 
of soria l Sll'l,'SS :I$ wel l ;" lhe Icchnolugk:cl and llIusicai iS~lIcs of N ll ll lhmllf!,/t. 
Fo r his o llgoillg ",ol'k, I-Im"f'mo!lt.' S)'IIlhr,fizt'J· Mush' mil" Slifling " ile/II'S, 
Hehrlllan has built a purel y electronic ~ylllhesi7cr, By nl(';Ul~ of an illlcnlc· 
pClldelll config llr:ltiorl of voltage-rolllrollCtI amplifie/'~, Ini xcl'S, DC !c\cI 
sh ift crs. amI lhinY·lwo function gCllcr:llors, e ither livc pt!l'fol'll':Ulcc IJy hlllllOlIi 
OPCIIII(tI'S 01' :I\Ilolllatir pcrfol'lllallCt' 11 )' IIlc ~)' nthcsil.cr ;dollc is possible, 

Il y dlltlcof ,11l:ir wide pCI fo ntl;]llfC ;!ncl ;l.da inl (:I lle:t~t :tIlIUI1 ),l ;tltdicI'I(C~ 
for lIL'\\' mmic), sc\'cr:d UilICI' livt:-elcctronic work!> have I)CLUIIIC swplc\ or th e 
I'cpCl'lnry, Robcrt thhley's Tlte JIfolll1lml ( 1964)- fol' hi),lhly :lIup[i(jed human 
mice with tape :If(()Iupauimc.nt-;Uld S:.lv:ltorc t\f:tnimllo'~ ! .',f G.A. (196R)­
pClfnnncd by a 'p~- Il1 ;I~ kc(1 ,Ictal' ill 0111 ;I tlllo~ pll e l'e Illadulated by hcliulII, 
~, .. t.·It\' , 'l';'rA';, ',',.,.,','. ,{.I.W• Tfi':iii:~,(:,Vo.-'li;"' \" ·1~'·Nd,i.';'" ~,,\ ',,'tV, ':.;."',\,,,,:,,',',', :,w''fi,'i.'', ':,1(,', 
:II'C ul1l1~II;dl>' populur. Pauline O[i\'cro~' {'(lfIlI' il)lltion to tllis repc"IOJ')' is .1 
scri~ of appOll"cl1tly scl f's lIs t:tining wUl'h rO l' lllllplificd ;]pple boxes, indlldillj..\ 
"'/I/J/rb(l.v ( 196-1), Af.'plrbo.'( n(}I1"',' (1%5), APIJ/dHlx Orr/wfll'" (19fi1i), "lid 
I l ppll'hm,' Ol'r/lr,dr{l wilir n nlllr CII(lt'ltf (1970), Roger R C)'I lo lds' widel)' j:lCI'· 
rorlllcd Ping (I 9fiH) ;'1 a IIIl1hi-TIIedia work, :Ihcr:t story hy S:II11l1e l Heckel!, for 
ri llg-lllodul :lled and e lcC'll'OlIic:rll y di~trill1lled iJJSlnlllle lll ~ (1lIl1ltiphol1iC flllt e, 
lI1olOl'i1.cd pi ;1110, h;irTllnniu lll . bo wed cYlllh:tl , :111\1 wm,lam), lll:I),l llctir 1:.pC, 
:tlld Jll'o jencd illl:t~cs :tnd calligr ;tphy. RCyllo lds' Tl'tl rc.f (1069), lignin (H)70), 
:tll(l [I.c \'cry cOll1plc)( I / O ( I07 1)-fw' m i llle~. \'or:t lisLS, instrulIlent"lisls, pro­
jections, and cleCII'onit: llIodiliCltion alld distriblilion-conlinlie Ilis work will, 
!.lIe illtcgrlliion o f :tfOllSlic :11111 li"e-elcct ronic procc/lures. 

A significant <lSpCI:I o f the. work of ne hr lll ,II1, NCllh;U/s, i\hnirano, ;tnd 
o thers ~lIdl as David ROl>Cllbo(llll , Serge Tdlcrepninc lind Stanley Lunetta is 
tlt:lt thesc composers de~j~n :lml huild their 011' 11 electronic mmic instrulllenu, 
Very few lOmpOSCI"S rami dc,' the crea ti vc design of e lectron ic: dl'clli lS : r ~ ... 



requircment of their CI11ft, Ihough it is al read y cle;n' Illat some of the most 
imponalll illllm 'lu iOIH in eleclronic nlilsic II:I\,c been "Ol1lri['lIled h) clec­
ll"Onicdly cdlJ(",lI ed t:OlllpOSel'~, An ecill(a tion in eknlOllics is not m:lIltiaLOI}' 
in OI'der to create live,c!ectronic" I11l1sic, partind(l1'l)' si ncc mmlTlclTbJ SYII­
the~ iJ(!rs 11:1\'1: been developed for LIse in li\'e perforlll:lI1 cc. John E:u,o l1 :1IIt! 
]\ 1;lX Deutsrh were involved early with the IISC of sylllhcsiJcrs as live,perfor­
m:l1'1c(: inSIl'lIrnCllts, In J9fi5 Eaton cOlllp().~ed :lnd performed works wi tli the 
~}'nke t , :I part:thlc ~)' llth csi:t.C I' de\'cloped hy Palll KCII)ff in ROllle. The SIIHlC 
ye;I'- Deutsch CO!l1I)(1~cd in the United Sl;t l C~ twO livc·pcrform;pl(·c w{)lks Ih;1\ 
mll t!)i ttcli Ihe !I./o(lg ~ynl hc<; i 1cr with COl l\'Cllt ional inUl'lIll1Cllt s, 

Out~idl! the Unilcll Stales. li\'c-elcCl.l'On k ilIusic ;Icli,-it}' h;ltl begun in 
.I:rpan, where Takchi~a KoslI1{i composed M i (TO I (19(1[ ), <I wfII"k for S(I [O 

mirwphcme. Ikgi llllillJ-\ in 1967. Kos lIg i l"Ol11]>oSl:d ~cvc .. al [Jocli,' I,'ork, wilh 
the generic titl es Ma nodhm'rlw :lIld EdiflSrJ, wh ich lI~ecl both r:lIlio·frcqllcn.y 
:Iml :llIdio-frcqllcncy e leclmni cs. T rn; lIi Ich iya n;'Hi ('om posed 11 J"cpt'rtory of 
wo,'ks for clcctrollitall y modified Western and Japallese i"strumC'llS. illdll.l. 
ing S/1Im - ( l!Jfili). SiWllliol/ «(!l(iG), Ar.f.iTlili('.{ [or Orr hl!.{lm (19fi7), a n.1 APIJI'(/I"­
IIIIn.' (1067). Irl d ),;ultIA'i did 1I0t <k-sign his uwn e'lu ipmc.llt: instead he spccifil.!d 
the ekclronic "i nsU·ttlnClHalion" and ronfiguraliall .,f his jlien~s , m ilch :.~ :l 

comp • .,scr ','OIlld CJlllfllCral.C Ihe t)'JX!:S ;I nd arrangenlclll of .:OllvCllti(uHll il'st l"l ' ­
men lS for a picce, rel ying 01' the performen '0 sl lppl y th(~ equipTllellt and 
skill . In [ tid y, D01l1eni co Gllil(-Cero illlrorluced hi~ Imjmn!TJiJII1.iolll.! 19(,2 in 
Rome: rrom 191i'1 through 1!)66 in Flore llcc, Giuseppe Chi ari t.:OllIpmcd :1 

series of li\·e·clectmnics works IIsing roma ct micro phone ... : :u1(l in 1966 LuiJ{i 
Nonn composed A Flores!" ( I Jovem (' Che;fI (l(' Vitlll for si ngcrs. insrnlll1 (.! nt s, 
;111(1 tape with eleel/'uni,- fillers. 

or Ihe German composen working with live·electronic music, Kadhe im 
Stockhallsen has ach iel'ed lI\lI t h :lll elllio ll- p;lIticlI1:11 'ly in Ell m pe where most 
of his compositions are llva il :lblc un rccordillg5-;rnd his energetic e lTons as " 
polemist, ;nc nOlorio lls. Sto(;khll\lscu's large hody of COlll lx Jsiri o n i .~ dll-C1'sc in 
style and idca: Ihis is dlle to his CX PiIIlSiv('! im:lgi nalion as well as to his nill­
sic1erablc raeilil)' to allsarb lhe procedures of olher [Oll1pO~CI"S' work illlo hi s 
own. iI., lhL'Sc ;t lHI mher respects hi l'> position in cOl1tcmporal")' music ;1'> :1IIalo· 
gQlIS 10 lll:11 of :\Iaurice Bcjart in bal k!. Fo llowing KUIIIIIRIr: (1960) for per· 
cussion and m,lgnetic ':lpe, Stoc'kltausc/l's nexI li \'e-cJectronit; wOl"k!l were 
Microph (mie I (1964), for ,1Il'plilied and elcctro llic:dl y filtcl'ccll.:mH:t1l1: M ill-/ II T 
(1 9IH). ror fivc ills trumel1l,ll cnscmlllcs with ring modul;.tors: and /l'I iCro /l/lOllil: 
II (1065). ror t.; horus. Halllll10nd 01').;0111, :11)11 l' in,~ modllblor. These werc rol· 
lowed by Pnm:s,f;on (1967). fal' amplified and filtered ell,unher ensemble: 
Slimllllmg (1908). for amplified singe!"!;: and A ilS d~II Sicbt.1I Tng/: II ( l!lfi8), f(ll' 
;t v;ll"iable ensemble with indeterm inate electronic modifica tion , Perha ps the 
mosl imcresling or these worh is AilS dell Sieben T llgell, whkh, employing 
g raphi c and verb;!l nOllili on. has evolved through performance into ;"til :mr:lC­
tively lyriC:ll work of lIlan y hours dur:llion, sim ilar in scope to lhe earlier 
Treatise (19fi7). Ily lhe English composer Cornelius Cardcw. 

A you nger German t.;omposcr or promise is the violist J olw nncs Fl'itsch, 
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who, inde pe ndently o f lhe usual state·radio resources, composed sC\"crill works 
(or instl'lllllCll lS a nd live·clenroni c "I>p,u-:Ilus during l.he mid '60s. These in· 
cl ude Par/ito (1965-66), fOl" viol" , cont:ICl microphone, lape, a nd equali zation, 
and Violeclm I , "> fwd III (19;1 - 72), for Viola d':lIllore wilh EMS Sylllhi. 
F r itsch is a member o f lhe independcllI Gemlan gro up " Feedback:' o rgani Lcd 
in 1970, whose members a lso illc:l udc Peter £ot"os, Ro lf C chl!!a ;u', Davit! 
Joh nso n, Mesias M:1iglwshca, Joh n McGuire, and Michae l von Biel, Several 
o f t he members o f FcedlJ:tl~k were associa ted with lhe lh'c-perfo rman ce ensem· 
llie at WDR (the WC$t Gennan Radio) during the years 1967- 70. whe n Ill<Iny 
o f Stockl1:l uscn 's li ve·electro nic WOrks were recorded . They left tlt e WDR en' 
sem lllc fo llo willg performances a t EXPO 70 in Osaka beca usc of growing iden· 
logical differcm:cs with SlOd.hauscn, 

A recenl OInti unuswtl deve lopmenl of l ive·e1ecLroU!C music in lbe Unit cd 
Swtes is exemplified by tile w()I'ks of Philip C I'lss ;Inri Ste"c Reich, Fo llowin~ :1 
d irectio n implied Il l' the e:lr!i er WOl'k o f L;t1\ lo llle Young :111<1 TelTY Riley, 
these composers have develo ped ~ killCtI pc.rfo n na ucc ensclllbl t.~ t!l :1l o f len 
combine aCO ltstic insll'l.lltlen ts with electron ic instr uments IIsed ill rock music, 
such as the elect ric p i;I110, corubo 01"l{tIlI, :ul(l c.Jeclri c harpsichord. Their com· 
posi tions 1ll ,Inifest a stro ng rhythmic and melodic bas is, though Lh c rillhe r 
eJcgalll style of dIe w()I'ks is ,I rundlllllcnt.rI dep.trurre from th:1I o f rock music. 

Live Performance with Digital Computers 

The cl igilOlll"OlnplIl.er is ;1 co nfiguration of logic mod ules 10 which i ~ added a n 
cnl ;u·gcd mC1110ry aTICI various aCI;e~s and control functions, 11 is a general · 
put·pose dcvic(! 111;11 fa n be a pplied to specifi c p roll iems by 1Ile:lIIS o f external 
]lrogra unnin)t. Log ic modules .. re mosl cmulIlolll y designed fOl' specific flllle­
lio liS in JivC·Clccll"onir music equ ipme rtt , lI ml arc nOl eXlenlall y pl"Ogr:r rtllnablc 
to :llI y great ex tc nt. Wilh illlcgnrtetl circu itry, logic modules tan become re la. 
ti vely iuvo h 'cd , ;IS in the I/;·bit diKil id (·olrlpIHcr / decoder lIsed ill St:lnl ey 
!..UIICU.,,'5 M oo,f(!(" I( M (lih illf'. Lo~ i c l1Iodules can , ill facl, Uc {ksigned witll 
memory fllnet ialls. :Iud Gill be e xternall y prog·rallllued . One reason d ig it;rl ('om. 
ptll ers ha vc [mille! limiLc{1 IISC in li ve pe rfor'lI\;m ce i .~ thei l' urrporl.ahle size, 
Eith er Ihe li\'c perfonna nce must I)c taken to tlte c<nnpmc]', o r il mllst he 
conllecled to a l"elllOle comput er by :1 d :na·link. A COml1l011 da la·link is :1 
tele pho ne line, wi th the compute .· :n o lle end ,m el :I teletype a mong lhe li ve 
pel'formers al the o lher. 

This pml'ed ul"c W;15 lI$CeI rOI" Ill y o wn wnrk , C01/,\pimcy ,9 ( 1~)70 ) , which was 
perform ed live at t.he Gllggenheim 1\'I IiSCUIlI i ll New Yo rk City, !Ising a PI)P-6 
comp utel' in Boston . Using a data. link., Ihc relllOle co mpllt er rel:e t\'cd infonwi' 
lio n ahollt the per fo rmance, made decisions ;rn :ording Hl ;1 hasic progra m, ilml 
i%l1ed instructions to thc perfor'lllcl"S, The com puter p;II'li t: ipated as ;1 decisio n. 
m:r k.ilrg membCl' of til e errsc mhle, and t lte cnsemh le accept ed the sounds of i( ~ 
clrxt l"O l1i r:: decision.maki ng- which were rc];( yed to New Yo rk City by a scw lld 
d ;tl ; I · link-:t ,~ or son ic (onll'ihmion to the Illll$tt:, 

For severa l years Sa l\',uorc M:rnir;lllo has heen working Qn a t;,'c·pcrfonn. 
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,IIlCC clectl'(lnic 1I1usic inSlrUlIlCIlI, derived fmm digi t:ll COlllplllcr procedures_ 
1~<t rl y in his cx perimcm .. tion. he interconnected twO po nablc digilal-Iugic 
cduC:ltioll l1l(.ldulc.~ :Inti used them to :tnic:ul:tte all ensemb le of electronic 
oscil latOl"S_ Though they (Onta ined riO IlH!nlOI")" dire.-t access to the prowam­
mabie fun ctions o f these machines allowed 1\1;11'1ir:l1lo to Ire: IL Ill elll as live­
pcrfon ll:ulI"e in su 'u1I1ellts, During t he course of his work he has performed 
wilh this cominuall y evo l vill~ instrument. One of th ese perfurlll;lIIces Iud the 
1J!tllltly descri ptive title l ,rl's look II/ Ihl' bllck ot my 'wlul tflr II while (1970), 
The instrument has come to be known as the S;Ii-Mar Constru ction, ;lIld t he 
pcdol"llia nces that M:ll"til':lIlO pl'c.'iCnL~ :lfe litcm11 ), ~t:lte,of- tlle-al'l evell lS. 

\Vilh the rt.'Cent .. d"cl1t of mini-compute rs-whirh inrludc a II1CI1IOI-), 
Glp,H"ity of scvcr:iI iitous;lIld wonls. cost onl y :I few lhous:lIul d () l1 an;, ;111 (1 
occupy only ;t few cllbic feel of spaec- the digil .. 1 computer is now :1 pr;ICt,jC:1l 
live-per(onnam"c instrumenl. Edwanl Ko brin designed a logic-module inter· 
bce th:n com'en s th e digit.1I output of his I~D I~-R mini -cQll lplller into sign:l!:. 
111,11 opem tc voltage-con tro Jlcd electroni c-m usic modules_ Ilis iusu'liment pm· 
dutes six vniccs si multancously: each \·okc consists 01 a IIl1llti-w:lvdonn osdl· 
lalOI' follo\ ... ell hy lhl'ec filt ers and all OImplilicl', :ill o f wlt illl :Ire voltage­
I:o ntro lled , The six vuiccs o r OlLtput :Ire <iiSlrilHltcd : 11 '0110,1 the pcrfonn;m cc 
area hy th e:: mini-com p"tcr through six lt.'cil IOlldspCflkcrs, Evel"y ;ISpCI t of 
K()b .. in's instrumclIt depends UpOIl s ignlll~ f!'Olll his IIlin k(JllI p"ter. With ;1 
basil: progr:lI11 al1(l micl'o·I'oulincs s tored ill il..,<; memory, the mi n i-com putel' is 
pcrformed li ve b y c.hoosin~ frolll til t! micI"Q·rOlllincs_ The wm plcx it y uf lhe 
illlcr <l c t ions, ;l1l1.lll1e rat cs of speed with which they fa ll Ill.' made. ,mrl':ts..~ <lny 
non.cOll1pl1terizcd live·eleClronic 1I1115ica l illstnnllcnt. 

A project with lIulIs lial !ive-pcrrorlllam:c iHljJlkatiulIs is 1,lle digiLal.I..Ul Il. 
puter·cQ lllrolJ ed elect run ic lJIus.ic. system being dC\'cJopcd utldcr the g uidallce 
of Jon Appleton at J),u·tlnoul!t CoUc:gc, This s.y.~te llt Ilses ;I 1:ll'ge tiulc·shad ng 
(ompulel' ..... ith :I sat ellite mini-comll uler, To the min i·colilput er is au'fclted a 
rOick uf plug-in. d igi lally,wlltroJlcd synthesit.cr modules, ;\ lihrnry of new 
modules is under comilluing development. The USC I' (composer or pCrfOI'lHer) 
has :lCC:cs.~ to the system b y lIIca liS of sever:ll teletype keybo:ml :lnd ("."thal k ra y 
tube (Cn.:'11 displa ys, one of which i~ IO\.:<lt ct! right nex t to the mini -computer 
and synthesizcr module rac.k in :1 Dal'ltllQuth music practicc room. I\ n~css is 
relllarkably casy_ A single p:.gc (J f instruct ions cllablcs thc uscr to ;Iniv;uc the 
systcm. All fLu'lher Cpt t."Stion ~ al'e addrL"iScd lhrough the teletype to llit remote 
lime.sharing compute.', whid l displays its 1I11 SWC1"5 on Ihe CRT. }\I this sta /o\e, 
the system functions ;IS a tCOl ching m .. ch inc lhilt d evelops th e lIscr ·s progl':lm· 
ming skills, "fhe IIscr Gill then compose II proh"':II11 , which is loaded into the 
mini-computer 10 ope .... tc the s),n Lhe:;izer. The rt!S lIl).~ :Ire heard inllncdi:ll.ely 
on low.lspcf,kers ill Ihe pract ice room. Sincc :Ill lhc imtruc:tiom arc in si mple 
Englhill, arc displ:lyed o n :1 liue·hy-lin c b:lsis 011 the C RT, and opcnlle Ihc 
synthesi7,cr in real-time, the USCI' C:1Il Illake rapid and exact dmnges in his 
work . When the usc.· is through I'Olllposing. an instrllction can be typed by 
which the prog rmn returns from the mini-conl[>lIter to s t.or:lge in t.he time· 
sh<lring colllpmer, ready 10 be c:lllcd upon in the ruture, In the meantime, 
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other persons can use the same practi ce-room compUter sa tellite for their work , 
Among the in triguing pos~ibilitjes o f this ~y§tem lire ensemhle perfofl1l:lnc.cs 
that could be llchieved by usi ng se"eral satellites:lt the same lime; or coll ective 
or ongoing compositioru and pcdonnances (perhaps even by an anonymous 
collective) could be .. dlievcd ovel' considemblc spans or space :Iud time. 

Gordon l\Iumlll ll building hi! 
soHud'lIIodi!icr console for live 
perfonmmce :u EX I'o 70 in 
OS:lk". J "PllU. With Ihis cOl\sole 
the perfomu!1'$ could v~ry elec· 
tTOnicall y Ihe pitch. loudness, 
ami limbre of c:ighl ~l'ilr;l t(: 

d':"1UC1~ of SOUIl(i from Iin y 
sourco;. The modified seuud " ...... 
tlistrihutctl from :1 rhombic grid 
of 37 loudspea kers, d~ignl'(l by 
J');lv id Tllrlol'. ill ;1 1;lIbre mirror· 

lInrf:tced dOllle. Photo by U:trbar .. 
Llayrl. 
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Violoncellist Charloue Moonn"n 
pcrfonnillg on a "ideo-sculpture 
mU!iai instrument of artht 
N3111 June I';lik. Besides the 
three television Krcen, which 
compri5C the body of fhe in51ru' 
melll. the l.lCrformcr i.s- wearing 
spccilll glasses whidl support 
miniature television Kteens on 
each side of her head. I>hoto by 
Cordon Mumma. Bonino Gal· 
lery. New York.. October. 1971. 
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Korean-born video artisl N:un JUlie Pail:. di$Cus~ing wilh J ohn Lennon the opcralion 
of a vid~o s), ruhcsi7.er do:igncd in collabonllion with Shuya Abe. The coIHoun and 
colors of Lennon's im:lgt: are modified lh'e by the \iclco ~yl1lh Cloi1.cr :lnd pre.o;c:nlctl in 
diflerelll aspects on lhe television screellS in lhe b.lckground. I'holo by Gordon 
,\lumma, Iklnino Gallery. New York. October. 1971. 



306 The Development (md Practice of Electronic Mllsie 

lJayid Rosenboom's New York Bio-Feedback QuanCl during a perronmmce in New 
York. The perfonn!.'r at the right has c1eClrodcs atL')(;hed 10 his head by mcans of a 
he.;tdband. His eteclrocnccphalic ~iglla1s are applied !IS cormol sign;lh for the ARi' 
s),lIlhesit.en in the bad:groulld. 1111.' perforroel'5 are. left 10 right. DOI\·id Rosenboom, 
Theodore Coons. ]\large Flas:lell , :tnd Jon Hassell. PhOlO by GortiOIi .'Iummi!. 
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Left to right: Ah'in Lucier. Waync SJawliOli. Olnd Cordon Mumma during preparalion 
for it live-electronic mu~ic COllcert by the Sonic AI'L~ Union at the SOdra Theatrc in 
Stockholm, Sweden. ~hy. 1971. -l1le electronic music ~ujpmelll al the right is one of 
' ..... 0 mini.symhesizen: 1I$ed in the performance or Alyin Lucier's Th~ /)ulee of Yorle. 
Remote-control pholograph by Cordon ~·Iumma. 



S08 The Dtvdopment and Practice 0/ ElectrOllic Music 

Gordon Mumma. ill a perform­
allC<: of his HUn/pipe (1967) at 
the Metropolitan Museum of Art. 
New York.. in February, 1972. 
The eleclronic equipme.nt :u­
lached to his belt is 3, special­
I'ur~ analog romput!!f whidl 
41ualyzes and responds Ihrough 
loudspeakers 10 the resonances 
of the perfOnn:UlCe ~p!lCC whidl 
al'e aCtualed by the 50unw of 
the French horn. Photo by Ju­
rna)' Chu. 



Live·£/eclrollic Music 309 

A dilncer of the Merct Cunning. 
ham Oance Company. wtaring 
a telemctry beh for the dance 
TI' lll'run. The telemetry belr 
oorHaill5 acceleromelers whidL 
respond 10 the movement:! of the 
dancer. convert the acceier.llioru 
inlO audio signliis. and transmit 
Ulem by UHF' radio to clec:· 
lronic'llJu~ic equipment ill lhe 
ordu~5tra pit.. From these Icle­
metered mmemelHS the sound 
score for the dance i, geller,Hed 
lh'e in performance and heard 
by rhe audience from loud· 
speakers. Photo by Gon.lon 
i\lumnm. 
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Ldt to right: David Borden, Linda Fisher, and Steve 
Drews. the mtmbers of Mother Mallard's Portable 
Masterpiece Company, perfonning live willl an llrray or 
Moog synthesizers :H the broadcast studios or WSAI in 
New York.. I'hoto by GordOIl MUllunli. 
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David Tudor and John c.,ge In 3 simuhaneouJ pttformance or Tudor's Uillil l~d and 
C~ge's Mesoslicl during its 1972 premiere for the European 8roadol5ling Union at 
Radio Bremen in Germany. John Cage alternates between the mixing console, <II 
which he il .seated, and the four microphones. where he sta nds while singi ng the 
vocal sections of MeJoslics. Photo by Gordon Mwnma. 



312 The Development and Practice of Electronic M usic 

David Tudor at the controls o[ 
his eicclrollic-music CCjuipmcnt 
for Unlilled , during in simul­
L3nrous per{onnalU:e with John 
Cagc's Mesos/its. ~Iudl of this 
eq uipmelll wa.s bu ilt by David 
Tudor for hios composition Un­
titled. Photo by Cordon ~ I um­

m • . 
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Philip Chill (f:lr right) with his ensembl~ of !i\'~-(!Ieclrollic and con\'elilional instru­
mentS, performing in New York, Febru:ary, 1971. Photo by CYI1lJlia CirulIrd. 



Rolf Cchlh:wr .l l1tl Joh:wne.~ Frk~ch of die. CCTlIHW group " F('cclhad." in a hroadeast 
for Hb~idll:: Rund{unk, FranUurl, in 1971. UCliidc6Ih'c-eleclronic musil; perrOTlJl:lIIl;CS, 
Feedback. also puulishes ~corc~ and pl'oduc~~ collabor:lIhe cy~rnetic CIW;JOnmeIlIS. 
rho!o by Da, id J ohnsoll. 

Pcter El),,·us. a membt:r of the 
German group Fet:dback, pre· 
parins a Drehleier ..... ith a con­
tact microphone for a 1972 
performance in DanllSt;ldL The. 
micropllOnes :Irc attadlcd [0 a 
poTtilble EMS synthesizer 1Il'anu­
f:lCLured in Engbnd. 
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Intergdions among Technolog ical. gnd Artistic-Innovation 
Ensemblos (md Collaborative Groups 

Bec;lUsc of t he increasing complex ity of technology and the gre:ner f;lcili t)' of 
group pCl'[orm,lIl ccs (,IS wcJl as :1 gre:1I ;JUrilCllon ttl working wi lh lIlulti ­
media), al'lists seem incli ned to work in collabor:ltive groups Illorc so th :1l1 in 
the pi.St. The sharing of rCSO ll rce~ :tlld ideas hns made poss ible the survival of 
m:tn y anistic ende;)\'ors oUisitic u'adhiOllal institutions of suppo rt, ;lnd ha s 
thereby noudshed an unusually robonmL qu;dit), of cre;llivc frecdolll. 

The Cunningh:tlll Dan ce C.ompa ll}' i~ a prtnicu!;u" Y important (ol\;. bora· 
ti,'c enscmblc bec:tuse (l ike Ihe Di:lghilc,' B:l lIe l in the earliel' p:trl of th is 
cemur),) the coll"l.mr:lliQns hnve been susta ined over Ill all ), years and h:lve 
invo lved many exceptional creative :mists. A list of Ille composers for the 
Cu nningilillll D lmee Compil uy is:. ,dnual cross sect ioll of comclll por-;lry 1l1l1sic 
history, Moreover, beciluse the Cunningham D:lIIcc Co rnpnn y has performed 
world -\~ide, its work h:ls been lIlo re re:ldily acknowledged and its influ <:ncCll 
inllllcdi:.tc:. 1\'1cl'l'e Cu nn inghalll W:1S prol1:.hly ti le fil'St t.l:tnccr 10 dlOreograph 
wi th clCCll"Onic- nlllsic. In 1952 he present ed his "Collage ' ;tnt! II " with Pierrc: 
Schaeffer's S)"II/JIIQllic pOllr 1m lwmme .wrti, and in 1953, " FraJ{mclils" wi tlt 
Pierl'c lloukz's c/ll(lc a r/ II Sou :tnd Ell/de II . The d:mccs "Amic Meet" :tlld 
"Aeon " ( 1958-6 1, bo th willi trlusic by .JOlin Cage), llIili zcd Ji ve·electro nic 
mllsic proccdures developeil ilt coll aboration wilh O:.vi ll Tudol'_ OW'illg this 
til1l<: T uell)]' also prod uced the speClO1cular live·ek'€.tronil' version or C:.ge's 
ll nri(lliOlls /I (1959). 111 Vll t';(I/;ons II , crc:He{1 for the Frcm;h-AlIIerit::w Fesliv:tI 
at Lincoln Cenlc]' in 190!), the dancers sh;tred n .. >spollsilJilil y fo r the nlLlsil: with 
the lllllsicians, Two int errela ted systems of cleCll'OlI ic sensors Oil the stage dc· 
tected the 1Il0Velllelll5 of the d:lncers, These scnsors wcre t:Ollllectcd to electronic 
Illusic cquipmelll in the OrdlC!'iI I'a pit $(I tholl lhc dallcers ,u'ticul:uc(]'t he sound 
Cllvil'OlllllCI1l of the ,tlIdiwriuIl1 as well as th e lipatilll environmcllt of the sLage. 
The decor included pmjccted imag'cs by Sia n Van Il er BI!ek and electron ic­
s()uIHI.produd ng sl:.ge props. Tllc anini..: :tn tl techno log ic . I ;lthieve1l1ents of 
Cage's lIarialio1H If have made it :t d:lssic of col laborative mult.i·media . 

The perfol'nt:lllcc an~ ensemble called the ONCE Group developed fmm 
the acti vities of the ONCE Fe.~ t ival in Ann Arbor, r-,'Iicliigan. Prcsc.nt ed annu­
ally from 1960 lh rough 1967, the ONCE Festiva l MIS a collabora ti on of 
:trchileCl$, d;mcers, fihnmakel'S. musicians. 5(ulpI01"5, and gra phic (ll1d thc;lIcr 
;n'li sts. A repertory of works was created, collaborativcly as well as individu­
ally, which the ONCE Croup prese nted on tour and ror tele"jsion , These 
works wcre al'listically and tcehui e;ll ly ex pc ,'imclIl:ll , and introduce!1 many 
iU llovative live·elcctronic lIlusic procl.'(lure.~ . An impetus for the ONCE Group 
was the tlIulti-.Hcdia Sp,t(C Theat l'e acti vities th il t developed ,lrotlnd the work 
of MillOn Cohen in Ann Arbor from 195ti through 19M. Cohen l.'Sl.1blishcd 
the Space Theatre [or live perfornw llces o f hi s unusual light-projection art, 
with the collaboration of architects Ha ro ld Borkin and Joseph Weiner, film­
maker Gcorge Manllpelli . ilnd several composers. Thc best·knowli production 
of the Space T heat re was the hour-long Te(llm l leUo SPfllio-i ll re c 5Jlono, 
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pre;elUed ;11 the Venice Bicnllale in 196'1. Besides the activities (If [he. An n 
Arbor performers, lhe ONCE Fesu va1 presented 1I1<1ny COlllcmporal'y live­
performance ;Irtists from elsewhcre. It was dlu·ing the \964 ONCE Feslivill that 
composers David Uehrman ,mel Alvin Lucier began their (olhdJOI·a lion with 
Roben Ashley and m yself, which led to dIe org;.mization of the Sonic Ans 
Union in 1966. 

Tile Son ic Arts Union is a rcpertory enscmolc, working with multi -ll1cdi;1 
on :t ·'chamber·music" scale. li vc·clcrtl"onic Jllusic is lhc predominant activity 
or t his group, which pre.scl1L~ ilS \vork on performance tours divided about 
e'lually between Lhe United Statcs and Europe. Somc of lhe work..~ arc co[­
laborauve. some arc by other cOlllcmpol":lry composers (~ ltch as J",cquts 
n Ckael'l, Ceorge C,wioppo, and Paulinc Oliveros), and somc ;ll"e composed hy 
indi\'idu:lls in the group. The Son ic Arts Union hilS dt:vcloped IlIllISI.wil y 
~(,phistk:Hed il nd divc.l"Se :I pplications of electronic technology LO nw~ical per­
fOl'm:lI1cc, :'Ind ll ince Imo has estcud«1 its ,lctivilies 10 r:l(lio urO:ltkaSLS, telcvi­
sion. and recordinl,'S. 

Motller MaJlard 's Ponable i\hstcrpiece Co. llse~ stlldio s)'lllhC!iizel"S as live· 
perf0l'l11am;C iIlStI"UntCIlIS, and has developed virtuoso pcrformnnlc PJ"ot:Cdlll·CS 
for the real-time requircmcllu of 'OIlCCrt 1>CI·fol'lll<lncc. The cquipment ()r this 
cmeJllhle consists of livc studio·type electronic-music sy lltlt~il.ers nWlmlet! ill 
portahle Glses. The {;lIsclllble perfOl"Uls in ~(:hooh, coileges, :11111 ror I'ccunlings, 
prc.!;cming a rcpCrl.nry by David Borlien, Sieve Drews, ilml I.inda Fi sher. They 
also prog·ram ililprovisatiolial sit ulltion~ dlat rOHer musiOl1 innov;ltion . The 
idcilS or MOLhcr jI,·lall:mJ's Ponablc Masterpiece Co- have h:ld cunsidcrable 
ill/luel1CC 0 11 a major lIl:ulIIfaclurCI' of s), lI lhcsi/crs. '"T'he cnscm[)l e putS prlHo­
lype etplipJllClIl tI.lrolig-1l rigorous li cit! tests ill li\'e pcrrormilllce. Thcy thcll 
retl.ll"1l important dal" to Lhe synthcsizcr dc~igller, thus achicl'ing ,I particu-
1;1l'1y hcnelici;1J rclaliollship with technological inIlOV;tI;0I1. 

III Europe w lhJi}()I"lIl;ve live·elec.tronic mll~ic ;u-tivil y beg·a n in 1961 wilh 
the CruJlpo <Ii J1l1provvisai:iollc Nuov;t CUI1Sollama in Rome. This gl·0111> W;tS 
all iltle)"lla l ion,t\ col lnbf)l,lIion (liS wa~ the ~odally ,lrld ;u·tistic;dl ), uJ"O:lder 
cOllspil":lcy LallCl1 FLUX US), tlnd inl'ludcd llie Amcl"ic:tll coulposcrs \ ,al'ry 
}\ Ilslill, Joh n E:HOII, ;lIul William !) mith, ;IS well HS the Europc<ln.~ j\·lario 
1\c1'lOndni, Aldo Clementi, FrMlco Evangelisti. Rohmd K;I)'Il, atlel Ival1 Vii 11-
dar. 

MEV, Music!! Eleltronica Viva. was org:a n ii:cd in ROlllc in 1966 as a col­
l:tboraliOIl o f mostly J\mCI'ican musir i.tns, induding Fredcric Rzcwski, AJJ;m 
Hryalll , A/viII Cu rran, Jon l)ltCtLcplllce, and RiLiwr(\ TeilelbaulH. The first 
YC:lr of MEV activity mnsislcd pdm:u·ily of wm posed lIIl1sic. DlII'ing 1967 
MEV worked tlelibct"rucl y with impl"Ovisa lieJll. and by 1968 had "bal1(lollcd 
fOl"lIIal lIllisical ;l lld sodtl l SU·ucture clllircly. Pel"h:I1's their most imeresting 
cOillrihlltiOlI to livc·pe. rfOl"llIancc prOf·cdlln.'S was IIIC developmellt or "Sound 
Puols." a COlltCrt situation [hat cl1colll"aged eX len sive aUllicncc p:lI·licip;Hion. 
MEV lll:lint;lin c(1 ;1 ~trong prCf:cpt: to make 1I111 ~ic willi wh;llcvcr mC;lIIS avail ­
able. Berause of Il lis precept ami the slower rate o f Iccimolog i(:t l inllov;uion 
in Jta.l )' than in lilc Ull i tcll SWICS, the l\rEV melllbers dc\'eloped gCllcr;d­
ptll"pOSC ratlier th:lll spcciali i:cd circl1i ts for Ji\'c-clccu·onic music. One of these 



Live·Elect ,-ollic /If !/.$LC 3 17 

circu its was a phowresistor mixer de.~igned by Frederic Rzewski, the principa l 
or which has si nce been ' lJ)plicd by composers o u tside or ME.V. Ri chrll·d Teitel· 
baum developed ]j \le·pc.·(orm<i ncc tcchniques that utili zed indi\lidual com· 
ponents ()"(J ill the Moog Synthesizcr rather thlln the standard studio configura. 
tiolls. Ml::V madc ex lcnsivc toun throughout Europe ;'5 well as a few per· 
rormancc,~ in the United Slales. At times the "Sound Pool" concerts included 
$e\leral hunc.lred pcrfOlmers, and the nHlkal infiuence o f lhe MEV group 
upon YOll nger EUrOpe<lll Illllsicia •• s h<ls bt!Cn considerable. 

Of !.he se\lerai llri tish collaborations, AMi\-I, which WilS fo rmed in 1965. is 
the l>es[ know n. Their precepL'i lire simila r 10 those of MEV, bill the musica l 
(;onccrns o f i ts early members «('.ornelius Cal"(lew, Lou Care, Clwistopher 
I·robbs, Keith Rowe, lind Eddie Prcvost) secmed more socia l tha n technolog. 
ic:!!. T hese concerns Icd to the evenlltal splil1lcring or AMM ;lnu the rorma­
(ion of a !;!loge opcn-panicipalion cnsemble called the Scra tch On:bcstm, 
re lated in inten t to tbe "Sound Pools" of /I.-l EV. O ther Britisb groups in clude 
"The Gentle Fire" (Richard Ucmas. H ugh Davies. Gr:.h:llu Hea rn . $tuan 
Jone.~ . Ol nd Michael Robinson) ami "Naked Sortware·' (Hug h Davics, John 
Lift.on, AllIm 1..0ckwooll, Harvey Matusow, and How:ml R ces). 801h (hese 
groups m·c elCC(rOOlcOustic hybrids and arc primaril y concerned with experi · 
mental ,I nc! illlpro\Fisalion:11 pcrform<lnce p rilcli ccs. In AUHr:llia the innov:ltivc 
ememble "TelelOp.I,'· which includcs David Ahern . Rogel" FrOlml)wll <l lld 
I'e,cl' EVi1lls, h ilS at tracted considel'ilule iltle n tio n. 

Prim arily rcsponsihle for the pcrfo rm:lI1lc of Stockllatlsen 's li\lc·electrOnic 
mllsic is the gro up ;1l lhe WDR in Cologne, which has illdudcd OI L various times 
AHred Aling's, Har:"! ld Boje, Peter [Iit\'o s. Joha nnes Fritsdl, Rolf Cchlha:lr. ami 
Aloys KOl1t arsky. These arc musicians. primaril y inSlI"lltncm:tlisls, whose per· 
formance !:ok ills extend to e lectronic mod ific:nio l1 o f their inSlr ullIClIlal sou11d",. 
I n performances o f his work, Stockhausen who generally 0pC":!ICS filters <lnd ;tm· 
plitude conl l'Ois, .emls to cxercise ultimatc llcdsio llS as .0 the outcome of . hc 
musIC. 

1n recent ye'l rs .11l intensive collabonll ivc ac. ivi.y in li vc·electro n ic mllsic 
has occurred in northern C.d irO"n ia. These w llauor:ni ons, which ca me after 
the act iviti es of the S:m Fnwcisco Tape Music Celller in the ea rl y '60s, arc 
nOI cilsily sepinated into groups. Rather, this activity is more :I geographic 
phenomenon involving composers fro m Berkel ey, Dav is. O;rkland, itllcl lhe 
slIITo unding t.a y area. 

A coopera ti ve efTon ;ullong musicians froUl the University o f California OIL 
Davis .tnti Mills College in O:lkland was responsi ble (or t he fi n t Fc.sti ,, ;1i of 
Live Electro n ic Music. I'reSCIHCfI in Decem ber, 19fj7 , lhe fesl iv,, 1 t:Olllprisctl 
concerts. panels, a nd semin;ll'S. :Iml included the wQI·k of the " l1m·th em Cali· 
romia gl'Oup'· o f com posers La rry Austin, "hml(1 Budd , John Di n widdie, 
Anthony Gnan.o, S.anley Lunctt:! , ami John M i/clle, as well as guest corn· 
posers froul other pans of (he United Slates a nd Japan. Subseqlle nti )'. Swnley 
Lunetta I>cc:une the prime mover o f an cllscmble called "AMRA ARM A, " 
""hose members .. Iso includc K .. rI :md Kurt Hisrhofr, Ke nneth Honon , a nd 
Jeffrey K;u·1. With [I luge dfgiwl elcClnmic lII echani.~11l design Cfl by LUlletta 
i1Jld wit h subS lami al percussion rcsources, AMRA ARMA has de\'cloped 11 
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music of Nibelu ngcn proportions a nd an c nc l'gy level lh:;1t is unusually high 
for Ca[ifonli .. musicia ns, 

A I'cmal'kable Japanese collabor.llion was the Cross Talk Imermedia festi­
val. presclJlcd in Tokyo in February. 1969, Organill.,'!1 by Donald AII>I' igI1l, KlI ni· 
hill'lI Akiyama, Rogel' Reynolds, ;tnt! ,1oji Vuasa-who enlisled tllC support of 
Ihe AllIel' ic:m C ulilln,l Cen ter in Tokyo a nd nl;ljol' Japa nese ind ust ry-Cross 
Talk IIllcr1l1cdia \V,' S <l tteIHied by cil pad ly ilUdicncC5 in Kenzo "r ,lIlgc's Yoyagi 
Olym pic g:l mes f:ld li ty, T hc pcrfo n mlll ce5 included li ve-electronic a nd mu[ti ­
Ifledi.., works of T osh i Irhi)':m ;lgi, T:lbh iko lil11 ur<l, Ta kehisa Koslig i. Yori­
Aki Ma tsu(bira, f\lieko Shiomi, TOI'II Take mitsll, and J oji Vltas .. , as well 1'.'1 
the participating Amel'iG'IlS Rohert Ash ley, 5:1 1\-;.tore M1Il'li l';'no, Gordon 
~ I umm:l, Roger Reynolds, ;lIld Stan Vall tier Beek , tr ;I prill' were offered for 
the bcsl,or'gani1.ed-most-complicated pcrronna nce (oll;,oor:llion of the celilu r}', 
Cross Ta lk Itncl'llle,lia, \\'Idch smooth ly prcscnted six 0 1' se\'en :,rtislically ex· 
II<Waf.\'1Il1 and iogislie<r lly disp,n-:HC \\'01'1"5 on eOlch day. wOllld be :1 prime 
c<lnd idatc, 

Certai n ly tlte brgcsi performa nce coll aooration W<lS Ihe ICES 1972 res­
til'a!, which was pl'csctl1 cd i ll London :tnd on a cil;mcred B" ilish Ra i[ "l\ / usic 
T n d n" bctwee n London :lnd Ed inhu rg h. ICES [972 ran cOIllilHloll$ly in t hrce 
d ifl'cl'clll pa n s of London twelvc /\(Iurs " d ay fo r more than twO wccb ill 
f\ ug ust, 1972. II p resen u.:d a a'oss s(:c.l ioll o f livc.e leclron ic III l1si c. from ;d l 
0\'1,."1- the wodd (cxc:epti ng only Africa, Anrarctic .. , .. od Grcenl:llld), ilHluding :1 
spectru m frOIll rod IQ ac:ulcmia, ;I.~ well OIS d:1tlce, video, and cOllrell, wl! pos­
sibili t ies, 

Anothcr kind of 11('1i"i1Y thOlt is g~llhcl'i lig mome n tulll is Ihc comhi netl 
cOllfcrelu:e-sClllil1:'II" work~ilo lrPC l' rOI'III:' ncc forlll al exempli lied I,)' pl'l)jert~ sildl 
as De BerllJ('"i[le Pincs alld Cilocont:l i~, The rOnliCI' was CO-slMJlJsorcd by radio 
Huti()n.~ KP FA an d KPF K, Fh llws West, SOUl'o:= MaK'l~inc, :lilt! Dclkune"illc 
P itlcs. 0111([ was presentcd in btc April, 1!)7!1 :1\ a U nitari:I JI C lt w'('h ca lllp in 
lhe ~0I11 BCl lI<ldino FO!'csl of Califo!'n i;., (:homrua 73 was :1 rhrec-\vcck projcct 
at a [ann-ill t! in the \V!lite MOLillwi ns 01 New I f:tlllpsh il'c ill J Ulie ami .lilly 
of 1973_ III I>ol h pt'(ljccts a wide ~ IX'( l rtim of new 1Il1lsic was proclltcd, Wi lh 
part icul,u' cmpha\b o n lhe experil1lentaL I. ike Iheir prt.'tlc(C\sor5, the ONCE 
Fcni,,;d :111([ the S;1Il FrallciKO T :IjJC ~ l lIsic ('.eruer. d1Cy were ;IIso pr()( lut.etl 
wi th rema l'k;d) ly small blldge~ imlcpendcn t of "e~l .. blislllncnt" insliwtiOlls, 
Of spcrial sign ilit,lIlcc is the coll .. horali\'e social :ml! ol'ganil:uiol1al n;lLUrc of 
thcse projCCls, and the scope of tltd,' ;tni~tic, technological , alld social rol'l­
cerns, whidl gencra[ ly SUl'p :ISSl'S t he more p:ll'ochial "csl:.b lishlllent" projects_ 
Tllc.~c newcr Pl'lIjCCtS arc inhercntly morc incJllsi,'c a mi cO!llprehemive, 

Engineering Heroes 

Like most cnde:lwll'S, cleClronic music has its hel'oes, Besides eel'lai n ilJ l1Strious 
composers ,,"d pcrfol'mers, Ihel'c are the guiding spirits of gl:nnorolls 01' well­
conccived festi\,;l!s, s ilch as Rogcr ReYllold\ "f thc spcrlanlial' Cross Tall: In­
ICl'media in Tok)o: Joel Ch .. dabe, c1il'ectol' of the an n ll;1i fCl>ti",d in Alu:IIlY; 
Ham Olle. wlto rOl' )C:tl'S [lOIS dil'cCll't\ the pl'csligiol1s 1>1'0 Ml1~ic;1 No\';! ill 
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Bremen; and LaIT)' Austin , \\'ho with his California coll c;l gue.~ produced the 
hiscoric First Fcsti \';l.l of Live Electro ni c Music in 1967. 

Then there are the pi o neerin g im'e ruors :111(\ engineers. Geller,llI y nor 
t:{)llJp~CI'!i thcmselvC'l. they lIrC instead t.:l'cativt' artistS of circu itry. Like the 
cxperi mclHin}:t composers. their visionary work is oflcn the target of dis­
panging opinion . Thaddeus Cahill. inventor of lhe Tclharmonium. has be­
come a formidable legend. Celcbr:Hed by m;IIl},. though less well-known by 
name, is Earle He nry. inven tor of Lhe pinball m:lchinc and de .... eloper of the 
jukc box . Leon TCl'nlcn and J\'hurire l\ lanenot :Ire heroes o f lhe infalll elec­
tron ic: era hetween lilC lWO \'Vodd \V<lrs. 

Present.day heroes induclc six "selli or" names: R obcn Moog :lIId Donald 
Uuchla of the United SHlles. Hugh Lc Caine o f C;lIIada. Puul KeLOrr of h:dy. 
JUll o ... uke OkUY;lnl:t o f Japan . and P ClC!' Zinovidf o f Englilwl. Tlte namc of 
Rohel'l MO()j:t. whf) dcvdopcd the firsr widel y med elecrronic music r;ynthe~i7.­

crs, has Ilccome it houschold word. Don,dd Buch la developed tlte "Electric 
Musi c: 1\0)(." widely used in the western United States and becoming incn::ilS' 
ingly well-known elsewhcre. Il ug h Le Cainc lTInde cady designs of volt.agc­
rUlluollcd d l'f:uiu·y. ;\IId is re.~pollSiblc fur much of lhe now cl assic cquiptncm 
itt lhe Univcn;ilY of Tnronro elecrronic music studio. I):\ ul Ketolf dcsig ncd and 
built the fma porwhlc: symhc.si1.Cl' for liv(' PCl'fOI'lll<UltC. wh ich Wi~ S widely used 
by John Eaton. and has desig ned many .spcdal. pltl·I>ose circuit.s for Dlhel' roTll· 
po~ers . .Junosnkc OkUYilll1H is responsihle fl)l' the original ami rClllar'kal)lc dr· 
('uits used n ~H o nl y Ily .Iapant.'SC compuscrs. bu t :liso by visitol's to Japan 
fort una te to ha\'c r,lI:1dc his :Icquainwnce. Peter Zinovieff found ed the finll of 
EMS, which has pl'Oducctl scver:d ~cllcralions of s}'nthcsi~crs, indud ing lhe 
portable " VG5 3" 01' "Putney," tbe "Syllthi IOO"-which cortt;lius a :;Ill ,llI digi­
wi memory-and a 1ll000C recent system incorporating fOllIpuler ro ntrol of 
both analog :uHI dig it:ll devil;es. 

Other engineering heroe$ in tlte United Stilles inclucJe Dennis Coli n and 
David Fricn'd (wlto were in volved in desigll iIlIl0\';ltion5 for the ARr sYOlhcsiz­
cr$) : H;II'Hld Bode. Cad Countryman. 11. J. LoSIlI:llld y. Thomas O berhci1l1. ;tntl 
'Willi:lI11 Ribbcns ((Iesigners of special-purpo!ic ci t'cu iIS); illld James Bea uchamp 
ami .Iarncs Se;lIvright (designers of el(!(;lronic-music studios). Outside lh e 
Un ited States arc tlte esteem ed Marino Zuccheri of the Italian Radio jll Milan , 
Fcnlilndo von Reichenbach o f the InSliwlO TorcuilW di T ella in Buenos 
Aires, and thc Eng lish cng inc'('l's David Cockerell and Ken Calc. who did the 
l)'lsic desig n \\'ork for Zinovicff's EMS HOIII'II(!:mouth finn. Recently. Ken C;lie, 
with Gen y RaKers ;md Brian Hodgson. h:n'e CStalJlislu.'t1 their own org;'tniz;~· 
tion, Rogcrs Studio L(lilipmcnts, Olml are developing a new ~ynlltes i 7.er :lIlel 
erwironmelltal sou nd systems. A new generatio n of eleclronic engineers, 110l 
yet prominent, is already appl ying slitlc-of·lhc-an tecllllOlogy to musk'll ex­
periments. 

Technology and Sociology in the Commerce 
of live-Eledronic Music 

The largesl audience fo r live·elccu·oni c music, the pop ;Uld rock audi cnce, has 
a speaki ng f:ll11iliarit y with electronic·music tedmology. The h;mlware of thi s 
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music has been relali,'e1y Sl;lIlihll'd izct! by mass pl"Uduclio n, a nd Ihe fWjtom of 
mOSt performers is to display it : insll"tllUCntS, wil"C!j, clCI'lronic dcvi,'C'S, and 
lighting apparatus arc strcwn aro und the pcrfm-ma[1("c arc;" visi ble to cvel"}"" 
one, 

Among lhc cOllll'lIerda lly ;1\':1 il:1l>lc e1cctronic dc,'ic('_~ ror mu.,ic;.1 inSII'lI' 
11Ielll$. :lIuplificatiol1 is rundamental. The minim:!! c::Icmcnt~ ft})" l11u sic:ll in, 
~trU1llCIll amplilkalio/l :Irc a microphonc. amplifier. :lIld IO\1dspe:ll:er. The 
performcr has :1 t lc:! ,~ t onc elecl l"Onic colltro l- for ,llc :!mQlllll of ;Impl ifi (": l tiOIl­
whirh is gener:! ll y called '""ohmlc"" 01" "g:t in." ' It is;[ simpl e m:l1t er W :1l1d dr­
cu itry to ,omro! th e '"tonc" of the ,11llplifiet! SOli lld , Tcrhllir:dl y known as 
C(l u:lli z;llioll, this il1\'ol ves thc :1lllplific:1tion of some groups of fr<!(lli enci es to :1 
grea ter extc I I I I h" II o il ler-s, · rlIC treble ;111(1 bass cOlltro!s o f many alllpi ifrcl"s :.re 
:Ill example of equaliz:ll ioll , 

Bec:mse solid-sl:He clccU"l)llics have made lIlini ,lIllri7.lu ion of I'irclli[.~ fcasi, 
ble, llIusical insll'lInlCUI :lIl1plifrers often include ,~cvc '';1 1 othcr sound,modi fying 
circuits. eadl Ivill! l:omrols Ih;.t Ihc perfonner (";111 0 PC,":IIC, Tremolo i, widely 

employed. Somctimcs crrone()usly c'<l l1cd '·"il)r.llo, " Irewalo is ;. pubing, pcri. 
odic "arial i011 in lhe :1111011111 of ampl i fi ca li(lII, Depend i ng 011 I he p:trl irll 1;lr "i ,-, 
wit. the rate of pCI'ioeli("il), C:lll he fixeel or "n ri:1IJIc, ;tnt! is gellcl,;,ll y pulscd ill 
tlte r:mge f!"olll f(JIII" 10 fOtll'l een limes pcr 51:1"0 1111 , With some f ir("lIil.<;, the per, 
fo,'mcr can OIlw vary lhe ;111l0tllll or al11plifi u lliOIl "hangc WiTh :1 '\IC[)lh" 
conlro1. TIle differen ce hctween "tre molo" :md ""ibnllo" i" Ihal tremolo is :1 
variOltion of :1lllplitudc. whe reas vibra to is;l variation of frcqllency 01" "pil ch ," 
Som e clerll'(mic OI'/;.U1S h;I\'e a IrtlC ""vibrato" because it is economic , ll y feas i, 
ble to "al'Y the fl"cllue nq' of the c lcclronil:ally gCllcra tcd smuld o f an elect ri c 
orga n, J~ l cctt"Onic v"riation of lhc pitch e)f ;1(;()II ~ ti r illslrUlllen t ~ iii ;lI so p ossihl e, 
bill n nly witl1 sophis tic:1 tccJ til"cuitl'Y lh;1I is pl'c~e llll y tOO c)(]JCllsivc co i\l ~ t if}' 
il.~ IISC in cOnllllcrcial nlllsiGl1 inSlflll1lelll 'llnplifi ers. A!s(J, Ille diifc rclllc ill 
so und betwecn tTl-molo :Ind \'il) 1"1I 10 in many ;cppli[;.tion~ I:; 1101 ~ I"e:t t c llolIg-h 
10 have created a de ma n([ hy Illll!\ id ~ ns fo,' Il"IIe elc('u'(lIIic vihr:llO, 

R c"erhcralio n is widely usc(1 in mllsic-,11 im.II'II!1lel!! ;llIlp[ificrs, :1I1t! is 
technicall y illlercsting beca use it usua ll y em ploys nO II·clcUrOl li, ("()rrlpnnelHS 
to arhi evc il.~ effcc-t. This cffen is an :IPP:U'CIll inn'cas(' iu L1l e sl)(lcC ill whidl 
the sound is he;ml, This i~ accotnp l i.~hcd I)y making one or Hlore lime dcla)'~ 

01" edlOc.~ of lhe origin :tl sOll nd. and mixing the clcJ:1\'~ wi th the origi na! 
so und before final amplifinllioll, The performe,' r:II', ml1l1ol tltc ;1I11mCIll of 
mi)(ing, TIle delays a rc tlslm ll y 1I1e:I511 I"el[ in mi llisl,.,(·onch. T v ,[r hi c,"c IIICSC 
dclays purdy hy electronic: means is cxtrcme!y c'osll y, Con~irlcr t/ta t SOli CIt! 

lnlve l ~ in :tir at a spec(1 or approximately 'k, mile pcr second , AI Ihis r;IIC ;j 

perceptible echo can be heard at a re;l scHlallly small dist;mce. a nd is JlICaSlrrcd 
;Il it rcw milliseconds, nUl after S(Jund is COl1vened to an electric-OIl CIIIl"enl. :IS 
in the 1l1llSic;11 insll"tUlIcnl :trnplifier. il i ~ lravelling at ;lImost lhc spCI.'(1 or light. 
This is :cppr'o)( ilH:t(el}' 186,000 miles per serond, :Iboul 9!J0,OOn t imes faster 
t han sound, T o achieve even;t few milliseconds o f delay, :111 cnormous ;IIIlOllllt 
of e [('Clrollic cil"1"lIil ry is required, h is morc cffieielll 10 j'U!lvcrt the e leru'ic;al 
curre nts back imo:t sIO\\'cr medi um , The mo~ t l:ommOIl procc(lul"e is Bl c('h:ln, 
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ied, by Ihe usc of vihr:!ting miled s prillgs: 01 m:lJ.;n c[ic by the usc e>f loops of 
m;tgll Ctir tripe, The L1 $C of vi hrating Loil cd ~ prill~~ is the oldest ;lull rnO~1 

common form of ciccirollie rC"crhcralio J\ fOI" ntllSic:11 inS[l'lllllCnU, Ilaving 
UCCII patcl'Ilcti in tilC ' BOs rO/, the H al11HlCllld nl'g:lIl. 

An cruil'cl)' (li ffcrCIl I 111C;lllS ()f rc\'crl>erarion, n()r r!'l il'l general lise bllt 
likel)' LO 1!;t\C:1 large flilUre. i~ adlic"cd by dig-il:11 ('om[>lIter tcdllliqucs, When 
sfl\l lld "iIJl1Itioll~ arc (onvcnCII ill10 ;t llalogmls elcclri, ('IIITCl tI S lO be :1 111]>li , 
lic;{1 and 1tlodified, it is ;111 analog cleCl1'(,lI'1ic pmfC~s, Il l' c(lI1\'cnill),; SOll mis 

irHO digilal clcctl'Ol1iL form, it i ~ possi hle. to :u:hi r.l't: lime; delays :11 ron· 
sidcrahl y less L'x pe llsc tlllIlI wilh :11l alog cknrnllil'\, Many clellrOl1ic.: mlll­
pOllcn\!. arc st ill reql1ired. 1>111 the strllc-Of·thc,;m of digit:ll c lectl'Ol1 ic mini· 
rllllrizalion hy Itl e;]n~ I)f inl(:~I';]I(:d ci rn llls is Inucll rlll 'tllCr 11<:\'cIO llcd hcc:!llsc 
of il ~ <1ppliLatioll ill di~it;11 c01l1plltcrs, A .. nf L11C C.lr1 )' '70s lhc CXpCIlSC is slil l 
not sHla l1 clJough to justify 1'{:plad ng "ihr;i l il1g' (()ilccI sp .. ill~s 01' 1:,l'C loops ill 
ruu~il.1d hl.~ll ' lHlICIIl amplificrs. UUI the dcm'1I1cl (or digit;J! cJcnmnic liIl1('­
cld:ly ciluiplllCllt is enormOIiS iu Illan), fidds, :J1lI1 should stimubte the 1l1:1 s.~ 

pmdllclioll \If inl,cgr:tled ('II'('Ilill"), tliat ( 'al l he dlkiently employed in musi ... 
Digital elCclwnlt rirruilq' ro.' music h:ls m:lll)' IIse,~ beyond rc\'crber:nion, It 
has a lready l)(:clI cxperi11lcmally :lpplicd lO ... illl': tI O :Ind (.'( lu:Jli l.a lio n , :lilt! 

(lifers SO llnd modilic;lIioll possibi lities withoul prt:n::dt! ll! in i1l1:dog c!CCI1'Ollic 
ledlll()I()~)', II is a Llirly s,lfe predictiol1 lh'll dig'ital clerlronks ror live·clcl'­
troniI' 1l1llSic will bc a l1Iajor dc\'ci(JPll1CI1l in the ('Omil1){ yea rs, 

''''ith eleclronic cOlllrol of volllillc. l(lIlC, tI'CIIIU[O, ,11111 rcverhCI'::ttiol1-1I01 
10 nlcntion the nJlI:;ind ill.~lrlllltCIH il~clf-lht: mlll,irian hilS Ilccollw :1 vcr y 

busy pc1'lclnncr. All lftC!,£, me;I1IS ()f (.01'11.1'01 po.'.e a hUIl1:ul-cnginccring pmb' 
ICI11 , SUlIIC ('If tll(.' elee' lronic etlllll'l)b of the ciCCI ric' ).('l lil:lr an: mOll tllCd clirca[y 

01 1 lhe inStrulllcnl ;l11t! sOllie :Irc OIl IiiI,' IllllSi(':tl im'l'Il1ucl1l :lmplirtcl', Since 
lhe performcr h:l$ on ly IwO IWlHb, il ha~ pruven rC:I~ihlc If) r() I1\II'UCl foor , 
openllcd swildl CS :1I1t1 pCd:II.~, Funhel' llIol'c, a~ tlt.'W clL'ctronic 111mit' (il'C'uils lire 
dcveloped, it i~ Ofl(,11 morc efficicnt to usc 1111.'111 :IS :J('('c~~orics ralher th:11I to 

1)lIjlll them inlo the alrcady Ll'owded lIIusic d il1!>t t'unICtH :uuplificr, Some of 

lhe :lc'i;C5.WI')' circuits arc sllIall 1:IlOlI,l;h If) hc 1)lli[t illlt> tlte foOl c:()n tI'OI.~, The 
most (01111110 11 cX:III1]1le is the "fUU'I,Ol1C," wh ich is \\'klclr lI~cd IVilh lile clec:, 
Iri r A'uit:lr :l11d I);ISS, T(.'Chl1i(·ally (Ju ile si mple, lhe fllll.-lUnc adds OvCrlf)ne~ 10 

lhe orij.;inal il1Qtl'lllllclllal sowu!. Ti1c,o;C O\'Crl.Qi\CS .1rc nlUlt.i[lIc.~ of the ori).\inal 
pitch :lml protlm:c the elTct.:l of ;] (lHtin~ edge lo the !>()und , Some fuv-[on c 
cirClli t,s include a Irehle hoost. an C~U'C111C Clllph:ISis Ill' lI1C hi~1t frequcu ei!:s, 
Cc nel':rlly Ih c j.lcrfonnc t" Il<l~ (lite (01111'01 or ftw, IOIlC: to swill'h il on or oiL 
AnOlher' c-xilmp[e of rOOI.-wtILl'ol is lhe "wa!J-\v:tll ," This i~ an applit::alioll of 
eqwtliz:llion,;t kind o f IIl11c-CUllirol cin; tm II mt swccps :I speci:d fillCt ' lllrolll{h 
lhc amplifie(1 sOllnd, The sw(.'CP uf some wait,w:lh drrll it$ ('ill) be cO lllroll cd 
clcCll'Oni('ally :l~ well as IJY the motion of Ihe perforll1cr's fool. Tlte elcrtwn­
ically \:ontrollcd wah-wah is "at'icd pedodk:tllr, 1l11lt"h itS is thc tl'cmolo, 
though somctimcs at r:lICS below OIlC SIV{'CP per second. 

A g:roup of :If.ccs.~ory circuits has been dc\'e!op(~d LO mmliry the ";unpli­
tude-envc.lope" of lllusi c,,1 instrullients, Common among Lht!sc is the "susta in," 
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which is ll~ed mainl r fO!' tile electric guitar ami bass, The <llIlplilude,cfl\'clope 
might be called die IOlldnc~s-sh1lpe of Ihese insu'lIlllcI1IS. Similar La that of lhe 
pi<11lO, Ihe ;IITIplilllllc-cn\'clope of these dcnrit; insll'ulIlCntS is char"nc .. i~tkally 
"cI'y IOlld ;tL the iJeginl1ing, {ails rapklly ill loudness to some illleruiC'diatc 
1c\'cl. :lIld then 11I0re gradually dimil1i.~hcs to in;llI([il)i[il}" The "sils tain" iii :111 
aUlotu;uic Rilin ront f(ll, an e lectl'onk:l1ly ("onlro[led amplifier, It is Ilol"m;tlly 
SCI a t .~omc il1lel 'tlll!(li;nc level 01 amplification. Wllell the eN tfe1l1cly loud be­
gi llning of the gllit;!r soulld 1'('OI(hcs the in/Htl of the ~ustain, the cirCllil alllO­
lIuticall}' decrellses its Jc"cl o f lImplifk.uioll, thell il1crc .. ~es it follow ing rile 
inverse or rhe g1ti t,lI' ampliulI.le-em'clopc, The :llIdihlc effect is mu('h likc Ihe 
SUSI:dncd Sl.lltnd of atl elen l'il Ol"j:pll. [ n it.;. ~jllll'lcst form the perrol'mer has :1 

single conu'ol of slIst;]i n ,:111 on-of! slI'iICh, Some susl<lin devices <111011" the per­
former to ("(mtml .. spcrl~ nf the shape of Ille ill" crse <lmp[iwdc,ctI\'clope, 

AnOll!CI' ilfc('s.~or)' device (idled it "ph;lscr" is (I"ile su htle in its effect, ~J1d 
sOll"lcl iules I'cIllIircs :1 ~tcrcoJ amplifier ,,,,i lh t\\'(J IOlldspc;lkcrs, The "phasel'" 
;Ic!ti cvcs Of ciLi'lIl.f!,c of ph:l'iC, Phase (h"n~e is :1 ~pCt' i:t1 :tplJliGlliOIl or lillie 
dclay, bill O\'CI ' ,I nHl~h ~honcr length of lillie, II is mcas1Ired in degrees (If 11 
p:'l"lictllar w:1\'cleng lll (r<lthcr Ihan millisCfonds, itS in rc\'erhcr;tlion) ;\1'1(1 
therefore depends 011 the rrcqllellcy or I Ilc origi n al SOli tiel. J l i\ illt£:I'(.'51 ing thai, 
psycliO:lfOu:.tit:ally, we do 1I0t hCOlr any difl cl'cncc in a sou nd thai is shifted ;1 

fixed t11t1l11JCI of dew'ees in phase rl'(lIn il'itff. Bitt we clo he:II' :111 effect whil e 
tile sOltlHI is b(~illg shifted. For cxlttltplc, if the sou nd sUlys at 0 deAl"Ces in one 
IOllclspcakcr :ll ld cha ng-c.~ g--raduillly to fRO dcgrees ill ;I n othcr fOIlc! spc:lker, tile 
eITcct is likc ;1 IUU\'CtllCIlL of L/J:II Wli nd . Bill Ihc lislcllcr is 11;11,<1 pressed 10 
detcrmine "what Illo\,etl where_" The clrcc! seems 10 m-clll' in tllc listener's 
Ilc;)d r;!tllcr than in Ille PCl"fOI"I11;1 I I,e ~ p;I CC, The pcr fonllc,' tn;I)' Iw\'c ~e\' c":11 

c(llllnll~ for tilt.: jJh;l~cr, iw:-Imiilll;:111 oll-oll'swiwh, a I;cmllol rOt Ihe numbe!" of 

t1cgrce,~ o f sld[t, ;tI1d :I rale colHml rOI' "PI)lyint; a periodic elcelronic ph;l~e 

sltift. Phase ch:11lAe!l an~ \: rnpJo)'(~d ,'omnmnl}' in the :;rmlio p1'Occssing 01 rod; 
11lusic l'efOn linJ..;s, wllere tlley arc MHIlc tinlt:!'> (:/11('.11 "Ijhil ,~inl;." 01' "fl:lng-iIIM_" 
Under fatefllily ("olHrollcd sludio ('()I lIliliol1.~, "-OlIIC ill,rc:(lihfc ph:I.loing df"(:f'ts 
hal'C hc:cn :!l"hic\'ed ill .~Iereuphoni ( rcconlillgs, 

Eqnalillilion, tremolo, rc\'eriJel1ltiotl, [liZ/-lone, w;1II'\\'(lh, Sllstai n , ;IIHI 
pha~il1~ 1J;t\'c I)('('.n mosl lI'idcl)' used wilh Ihe clCltriC' orgl'!ll, !-\llil:lr, :11111 !Ia s~, 

Thc)' h:II'c been applied to ;lllIplifieti hrass amI w/Jodwilld irt.~II ' \trlt ClllS:lS \\'el!, 
Inlt 1I0l ;IS fre<jtlcluJ}', This is ,IS lI111ch I>ec:ttt~c of (Ul lllf:11 I'eason:; :1$ or artistic 
lradili()n .~, Br:ls~ ;llId w\lodwind i"~ II' lII1ICllt ,\ ;II 'C nul ('UI III!lUl I il) 1'{)( k or 
t;O III111'y-II'e!l IC1"II ensemhles, As the Wlilltl'y-westefn h:lnds h:l\'e W~ldlt:l lly ,1( 1-
milled elcctric g llil,tr1S, tlley I\;I\'C occasion;IIJ ), ;lIl1plHicd tllC \'iolin, Bill Ihe 
violitl, woodwillds, <llld I>ra&\ illSll"lllnCl1t.s CIIT)' Ihe lI"eil-;llt of dassit:11 Ellro­
pC<ln Iracli\.ions 11111(;11 more heav il y III;ICI t ile c lcct t-i(: orJ.;;ttl, g "itar. or ])a~s, 

AI~o, the performers of dIe Ir .. ;litio l1 <11 imtnlments havc tended to be more 
co nservat ive, excepl for ;1 few pioutel's in l1Iode1'tt jau anti spcc'ialist$ ill 
"seriOL1S" cxpel'imCUt;l[ mu::.ir. FUI', herl11ore, innovation lIy lite l1lanllf" ctul"(:rs 
of COllVC11liOllai il1Stl"1l[)lenL~ h:ts nOl exactl y oecll rampa nt. Elcctl'l)l1i c inIIOVl'!­
ti ons n(llwilll.~I;ItH lins', it is rct1l<lrk .. h1c how lillie inno\'aiioll in the; use or 
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p1:r s tic~ :tlld spCi'i:d mCI;ds l!:ls occurred lIlIlil l'Cr)' I'c.-cmly. Omclle Coleman's 
fir.';!. lISC of a pb~li, loaxoplro nc was a s.-;nrd:d 10 Iraditi{)ll:tI IInrsiciam. ['Iastic 
Ileads (O! ' dnuln wcre more easily ac,ommod;lled hee-lUs!! the ;trtistk con ' 
~c l'wtri~m ",;IS olllll'cighed hy Ihe practic:. lity of march in/;; lJ;tnds heing a[)lr: w 
lt~e ~ lI ch drums in the fain . 

There :tre othel' ClllU ln ll clilferell ce.~ 1,0 consider. Elet:lI·ic gu ila l'is l.\, for 
cX:lmpic. tcnd 10 1)(: }0I111 t;' mmicians ill a nlllilre prcmist:d on ir1l1o\'aliotl, :111(1 
in whidr ori~inalily is commerci:rJl}' viahlc. Modern j:n,1. i ~ a n inno\';rtivc ("n !­
U1J'(,!, bul. Ir:lgiodly. has ;Ichieved liule commerd:ll " i;lbilil ), in the Uni ted 
StiliCS. Only ;lIl ex tremel y wcll'L~t:lbli~hcd jOl7.7; figure ~l1ch as Mil cs DiWis i~ 

able 10 make clcnmnic ex pc l'imcmalitm a r01lllllcrrial )ll"Oposilion. Clas~ieal1y 
II"<lined musiriaus spend their fonn:tt ive years leimling mosl ly old traditions, 
a nd whalever experimcBt;r1 indin:niOl1s ex istctl in lheir yowl! tcnd to he 
sl:\'crcly reprcs.')c(1. 

Ex('cpt for the dc\·c!opmelH o r the electr;(' piano, lIsed 1I1()~L1y in rock ;11It! 
pop ensembles, the ('orlvenrioo;tI meciraniC;II P;;IIIO 11:15 no t sccn :I sing le im­
port:lIn ch;uIgc in more than h<lH a century. Only one Ilwjor P;:I1W m ;HHt· 

f<lnurer, (3:r1d\\"in, ":IS .10111.' :Hly flllld;rnlental r('l;C<l I"("h in aC'oLlstics and clcc· 
rro uies. For miltly rca r~ this c:omp:tn y has llone HIslai ncd ,wd impol"lnllL work, 
induding Ihe tle\'c1opmelH o t ;111 electronic gnltltl piano. The elect ri c pbno 
II sl,.,<1 in I'I lI"k clll;cUlblcs c1oesn'l sound 1'IltIclr like;1 pi;lI1fl ,md , like the electric 
gui t,ar, is really n new inSI J'lllllcnl. Il,~ pl"irnc ndvanl1lges arc Ihat it is .') lUall ,Inti 
ligh l c no ugh tn be portablc, and 111:1\ hec<t llse M amplifi,<llion il , :III milLch 
lhe 100ulnc:;s of rhe l"Oc:k ensemble, Conlp"cl etc, 'rl'i,· pi:lllos ha"c rel'c llll y hecn 
i !1snd led ill tire IOIlIlt;c sect ions or t 1",1115(0111 i Ilenwl jet I ille r'S. 

There is:1I1 cxception to thi~ cOtl scn ·atjSI1I willt rcspeCi 1,0 w(lodwincl :lIld 
hr:t$S irrSl.rl lmc nl.s. Se\'cral llIanllfaCl11l'crS 11<I"c market ed :Ill cl('("tronir (Ievi{·c 
tlwt e nables the mllsician to acid lower OCLii\'CS to his SO llnd . T echni call y. the 
dC\'kc is ,I rreqllcncy di"ider, :l nd i$ a rclali\'cly simple a ppl ica tioll of di~ i lflt 
lechnoloR)' to analog e1c(:ll"(miCli, A microphone i ~ "u:l fhcd to the woodwind or 
l)l':lss insU·IIl11CIII. MO~1 of len i t i ~ ;1 lIIini:IUl re microphone 111:11 is '1I1.:u:hed to 
a nrodifi(.'d mont1tpic(:e in order to lIIininti/c tire po~i hilit )' o f acollstic feecl­
b;II.:k, The C:OIIIIHCl'ci :d dividers are cxu'cmcl}' com pact, and arc dcsiAllcci 1.0 he 
\H)I'Il-;llta,hed to the dathing-by lhe musici iHl. Tire speci fir details o f the 
• in'ult!"), differ from (lIlC 1l1;uw fae tu rcl' to <l1101 i1et". bllt Lite impQnalt1 simi · 
f:lrit)' amf)ng all such dcvices i~ that tire produced sounds o( Ih e 100\ler ot; ta,'cs 
;U'C purel)' electroni c, 1Iml follow exact ly the pitches performed by the wood, 
wind or I.mlss pl:lye!". 

Briell )" the insu'lImclllal sound is convcncd by the lllicrophollC to :01 elcc­
tried C!l ITem, then modified from its or'igi nal sh ape to a S(jUi!H' wave of Ihe 
SillllC fUlltlalllClu:Li freque ncy :IS thc inStl"tllllenral pitch. This s(luilt"e wa\"c is 
lhell :Ipplicd 10 a divider circuit, scvera l types of which :II'C ill use. A par· 
ticularly I"eli<lb!e ci rcuit ca lled <l " flip- flop" is widely used in dig i! ;.1 computers 
and some lypes or elcctric organs, The Otltpllt of the Ili l>- flop is also a ~(I"al'e· 
wave, hmllt exactly one-hal f the frequency of [he inpu t. One-half of ;m y fre· 
quency is the next lower OCtave. To obtain the second lowc.r Octave, the o'll pm 
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of lhe flip-nap is 'Ipplied to a second nip-flop. This produccs il division of the 
origi nal instrulllcntal pitch by four. Three nip.flops in a mw will provide a 
thinl lower octave-a division by eight of the original instrumental pilch-'lIlei 
so on. Commercial dividers usc, at most, three divider cin;uilS. The outputs o f 
each divider are available in parallel. so thilt by mcans of switches, the per­
former ca n choose an y Olle or an y combina.tion of lower circuits. Finall y, ~ome 

lower·octave ci rcuits include electronic filteri ng to Shilpe the ~l1wlre-wa\'c OllL­
puts so that they soLJnd more like an aco ustic instrumclll:1i sound. Because the 
musician v:lI'ies his ioud nes.<; when pbying, ;llItOlualic amplitude ci rcuitry is 
someti mes included 5(1 tha t the dividers will function pmperly over ;1 wide 
dynamic I':mge. Ex cept for more cJaborat,e custom-built dividers- which .an 
include division to interv,ds other than octave sub-llIultipl es, and " 'llich will 
aUlollullicall y prod1lce an output amplitude propol'lion:lI to the instl'lIlllcnud· 
iSI's dynamics-therc al'C definite limitatiom 0 11 the C0I11111CI"(:ial lowcr·OCl,ave 
acccssories for woodwind ,lIld 1)I":lss instruments. All or the ahovc·mcmioned 
clectHmic proced ures 11;I\'c one (callire in COlllmon: the pitch ilHegl"ity of the 
origin;tI wu nd is pr('.ser\'e<i . Only amplilude, limbre. and time rclatioll ~ hips 

arc altered. Pitch relationships arc ch;lnged onl), by divitler cilTuits, ;l1ld then 
only hy exact sub-mult iples that. preserve tr:tditiollai pitch relat.ionships. 

Pe rformers of Iive·clcctrc)ll ;c music have also made usc oC cir'lliL~ L!tal 
modify pilCh relationships, but most I)' ill the I'c:llm o f "serious" experiment;!1 
mllsk, ModifiGllion of pilCh relationsh ips l)eYfllltlthe domain of lhe chrom:lli c 
scale still prl'Scnt~ the world of commcrcial Illusic- evcn the most cx treme in­
novalQrs in rock music- with fundamental philowphic probl ems. Tll ese cfrects 
have bcen used in rock, hut for incidenwl color r:uhcr Ih:lll for the pou:mi ;tl 
of th eir fund;1m~ntall y new language. The device most of t e ll employed for 
ch:mging pi tch rebtionships is lhe bal:inccci modulator. Thi s instrument hit~ 

":lriOIlS rorm~ and names. including the ring lllodul:lIol' and Ihe analog Illulti­
plier. III its simplest rm'm it is a circuit with t~vo illputs lind onc output. The 
uri s·illal sound is applied to one in put <tlld a control sig mtl is appli ed to the 
other input. The output is a lUultiplic;niol1 of Ihe two inputs. and dcpclHliu).\" 
0 11 I.he .har ;l c t cl'is ti l~ (If Ihe .omral signal , consiSIS of the arithmeti c:11 sli ms 
:lml dilferences of the \.wo inputs. Considenl bJe val'iatjOIl o f the simplc fonn 
of th e citcllit is possible. The sum lind dilfcrentc fl"e(lu(: l1cies Gill be ro m­
bined wilh the original sou nd, and the ci rcuit n Ul be unbliialiced in va riOlls 
degrees. The cOll u·o l signal C,tIl deri vc fn)lll 01' depend upon the oriRinal 
sound or ot.her instrumental pitches. At !Ca .~t one commercial accessory dcvice 
of the. b .. lann:d·modulator type, designed by Thomas Oberheil'll , llil s heen 
(1lal'KelCd for livc·pcrfoI111alH:e electronic music, :tlltl several mitti·syn thcsizcrs 
include this function. 

IVlany complc~ circllit config llr:ltions of ,1Il;t!og mtlltiplicrs arc poss ibl e. 
Th ese enal>le the choi ce of either Sllln 1)1" difference fI'cquellC'ies, multiple 111111· 
tipliclltion with 'OlllroJ signal s in the rlldio.freqll c llcy speCtrulll, pl'ccise ton· 
trol of complex pitch relationships usi ng paramctric ;llnplificatiOlt , :tnd oth er 
c!aborate proced ures. Jk'Sides the detert:clll effect or ntll siot! co nscl-vatislll , 
expct'imcmalion with Ihese procedures has been limited by the relatively high 
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con or equipmelll. Int egra ted circuit technolugy is W:ldua ll y reducing the tOSl 
to rcason;lblc am(llllWi, 

Another Hve-perform:l11ce eleclronic: a ccessory, whic:h is considerably mote 
tomplicated. is th e pcrclIS~ion ,t.;"c ilerator. Knuwn uy 11;llncs s tl fh :IS "~idcmn ll " 

and " bandbox," and hisloriC":IJ! y l'c.! ,ltc<l 10 the alllOIlHiled mcdwnka l perCIlS­

sion of lhe n ickclOflcon, these accelo~orics electro n ica ll y s),nthesize soum is 
rcseUl bJin~' the b;I ,'\.~ drul1l, 10m-toms. bongos, woodblocks. t:)' whals. and lhe 
like, The performer has " d lOicc o f spcd li c I'h)'l lu l1S a nd lc wpi, wlljch nrc also 
e1ectronicall), generated, The percussion gener,Hor is commonl y usec1 ;IS rill 
acccs.~OI'y to the e lectric organ, 

There lire .. Iso sevcntl kcybonnl·opel'nted cleclI'o nie accesso rics fol' p[OIY' 
ing melodics wi th various timbrcs ,\luI inltcl:tiolls; these lJ~ua!ly illlillilc tnldi­
ti onalmciod il: illSt rllmCn!S, O ne of the earliest, the Solovox, is o ftc n :Iuachcd 
to the lfMlil ional pi;! no, Re.clll[y (lie sy nthesizer rlml of Tonus, 1\1(". intro, 
duced a kc),bo:lrd-o pc r:Hed electro nic me lod y'mrlk er GLUed the ARP Soloist , 
whic h upd<lt~ the Solovos wi th 1l 11l11crm tS inno\'ations, including porta­
llle lllO <l nd dh'ct,SC cnvelo pe :lI1d timbre <':OUl.ro1. More cOll1plil':lICd OI rc thc 
ll1in j ... ~yllthcs i 7c rs, Thuugh cS$elll irdJ ), a ble 10 proclll rc only solo melodic lines., 
IIICSC instt' ltrtlell ts can bc Illn el l LO prOiluec llo Lltl':u li!iOILal ~CJI[CS , i\lorc sif.;­
nilic:J.ntl )', tllC desi~n prem ise of FHost mini -!!>), Iuhc.<;izel's is 1!t:1l lhc), arc live­
pcrformance inSlrtl11lCtLlS of elcCl rOILit: solll1d, 1I0t :tue1llpl ~ Ln imi! :ll c aC()II.~ ti c 

instruments, AI least (Jne clc,-tl'ic ol'J.;:ln inclL It Ic~ :1L;cc.s.~()r)t flln Cl iuns 111 :IL e ll­
:1ble the PCl'fOl1l1e r' 10 imiulle the c\curonic sUlInds of tlte I'Cee lll l), 1)('1)) 111 :11' 

"SW iICIIC(I-oll" sy nt hesized IlltlsicJ 
The CII:LlnllcrJ"in is 1110b'llJly thc mosl Llnll~llal l il'e-perforillaricc ill vc n­

tion , I I consists of:t scr ies of lIIagll<:lk tape 101lPs, with e:u,:h loop aCILlntcd I)y 
:t corresponding key o n ;1 tril(lili(lnal ke)' ho:tl'll. The sO l1l1(ls to be lic:lrtl from 
lhe Chambel'i;dn can be from :111 )' SOUl'('C, ~lIId a re re('«)t'tled by the per forme r 
in adv;ln(:c, A 1II':llll:1ti(' e X:1l11p[e o f lilc IISC or lhe Cham berlai n is th e illlrodu c­
tion 10 Ramon Sender's JJc,u:rl Alllbuirlllrc (19(i' I)_ 

TIl(: skills applied by li ve pcrfol'lucrs with a ll these devi ces OIre ev idellt 
lIot onl)' in how lItey are used in :1 LllIISk:1 J I'Otlt(!'XI, bill :IISt} in ilow Liley arc 
Ilscd in comhin:llio n with onc another, "II(,s(' 1ll:11l)' combin:1 tions re prc..<iClll 
the most pro mise [01' the further developmeLll of lh e musical G'Ixlhilili e~ of 
the,~c :1I:C;c.sSOI-ics, 

Extensions of Electronic Technology 
in various Live,Performaflce Arts 

Throllghout histo ry creative artisL~ have linkcrCli with lechl)oloRY ;mll lIah­
blell with mllhi,mcdi;l, Da Vi l1ci a tld ''''''Klier :lI'C immediat e cxamples, In lhe 
twen tieth ccntury tltc rapid illcre;l.~c of SOl' jal Illo bil ity, techno logicn l "IIILle nee, 
a nd lIl'uslic innovation and CO llll.lltllli cat iOll h .. vc gin:tl the cre:1l1\'c a n ist :111 
irresistible :l ccess to nlu[tiple fields of endc:I\'I!I', It is increasingly difficult to Ii i 
:II' tiSIS into traditional categories_ .11 is no [o nAcI' surprisi llg 10 lind tllnt cs­
tee med musicians ill vcnl cd the ai r br<lke, color pholOg r;Lphy film, nnd ins til"' 
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:mce aCllIarial procedures, nor t.b:H they ho ld patcnts in cJcctroni c design ,lOci 
ill dyc processcs for s}'nth cti(~ r,hers. It is not 1I1l1lsll,,1 to find people still ill 
thei r earl}' twenties who prese nl rheir musical work. in concert one week, and 
their p:lpers in computer·scicnce Gonrerellcl!~ 0 1" their filIUS rn imc rn :u ion;iI 
fCSliv,ils the week. after_ \~"hal is to be said of a fi gllre like John e:tge, wllo is 
known to some <IS a composcr, to othel"li as ;1 mycolog isl, ;t poet, OJ" a graphic 
anist, 0 1' to still o thers ,tS:1I1 influclIl ial wI-iter Oil social ,mel economi c isslH:s? 

Wilh few cl\(;cptions, lhe tcdmologica l resources Ih:1I have nourished 
mlllii,media pcrformal1cc arc clct.tronic in o rig in. This e lectronic fC;ISib;lity is 
dllc 10 developments in ~Jicl 'S l:lte physic.~ I. trlgi trg (rom lhe t1';lIls i ~ tol' lO hue· 
g ra tcd circuil)-y. It is elcurOllic nmlra/, (Ir increas ing complcxit}' "' ith decre:ts­
ing COSt, that has become :Irtis ti c,dl y feasible. Thc logistk.~ of lTluld -mctl ia 
prod uctio n can be formidable, and llWy accoul.Il fOI" \lIlly multi-media proj ects arc 
o ftcn (;o llabOl";lli ve efforts. But multi ·tIledi" <ll"list!; ma y al~o ('ollabol"ilte he­
c nlS!! they c njoy working on fundarncnl:t1 creativc levels. Increasi ng l)" th ey 
share the I;mgtl;l~cs o f \'ariou~ media . particularly the I1car-uni \'C l's<l1 I:rngu:tge 
of electronic technology. 

Oeliidcs tlte ncw $CHU'I:CS of sound, elel'lronic LOlllro l ur audio has IIlade 
poss ible entircl y new ensemhle (onn<;, from IIIl1sic;dl y inlei" ;IC~ li \'e m:m-m:'lchillc 
syste ms to rontp/etc :ttuum:ll iOll . Applic.ltiolls l)f ciCClr(lIIic fo ntrol to video 
tec!lnolo!;), ha ve es p:uulccl thi s mediuTlI fl'Olll ci nema lO lc le" isioll, "ideo re­
cording, :tIul !;t~cr projection. Electronic video co ntrol ca n be as simple as the 
s),ndtrOlliz:ttiu ll of sli de plojectors, 01' as compl ex as the u',msl:ll iou of sOllnd 
into lascr-projectcd illl af.{e~ or the computer s)" ll thesis of co lor-television im ­
ages. finally, clectroll ic l'O ltt ro l ha s l{i\"cil lhe :11'1.151 :i n)e;l ns o f intcnelflting 
dHfcl'clll medii' tltat in Lhe [lit!;t has been vastl y lOO compli cated to Wllsider. 

Sound Scu lpture 

Iktll'l:c lI lhe rc:i!n)s of live-e lcctro nic mllsic ;md mu lti-ntCd i:. i ~ the world or 
~oltlld'pr{)dll ci ng' ~cLllrtlJ l"c , By .~ I i g-Iltl y bro;,dcllirl~ this C:JrcgOl")" the ea rliest 
;Icl iviLics o f this nature could include lhe cleurtca ll y powcred Illc r.;li;l1lic;.1 ill_ 
~ lruJl"lCnts of Lu ig-i Russolo alld ule i\ l il a no FUltll"i.~ t i after t ile First World 
\ '\' :11' :tIld tile iru:rcdible SIII(/II::; 101" 1~I(lyt:l" PiliI/O ('oruposed til i\lcxiw hy Con· 
1011 N;UW:IITOW_ Between lht: St'C(utd World W:lr ami 1960 tlte fit st t"iOlalJie 
activitics in sOllml·prod uci ng scu lpture were lhl)$(! of Ma uricio l\ ,lp,ci in Ar­
genti na , J ea ll Tingllcly :111(1 the coll,lboratiOIl (If l)ic lTe H ell r), ,till! Nicolas 
S('hiilfcr iu Fr:l lll"c, and .Joe Jonc.~ in lI ,c United SllIles. In 1~!)3 Kagel m:lc\e ;1 
SOll nd and light score fol' a 120-foUi lowel' of Cc.~;lr .1:l1lcd lo. T inguel y's mc· 
ch:llli c;tI sculpllll'cs o f lhe '!iOs produced tll eir own vigol"OlIS sounds without the 
aid o[ electro nic ulll p lificit( iol1 , III 1955 Pierre Ilnll'y m:tde tnllsi,' rOI ' :t 150.foOl 
"cybC rtlel ic tower" ' by Niro!;tS SchoO·c!'. Ikgi lltling ill Ihe late '50s, Nell' York 
ilrtist J oe .Iollcs prodtl(~ed :r \'crilau le merw$;cri e of ehullient sCll iplUr;tI sou nd· 
mitkers, wltidl wcre ciC(;l l" ically powel"ed and cul1lt"OlIed by sw il Ches, photocells, 
:lIld v:l riOlls seIiSOI'S, 

A fte r 19UO, a rtists from mall }' COU1)11' ics produced sound-!iCl tl ptt rrc. These 
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include Belgium ( Henri 1'01ISS£:III'). Camula (Franc;ois D(lI1egrcl. Piene r\'lcl'· 
cure). Eng1:lIrd (Robc rto Cer-lr;rrd, Daphne Onrm). France (T3ki.~, i\I,u'CcJ \':w 
Thienen), Japan (Kulliharu Akiyarn;t, Toshi lchiyan:lgi), tire Netherlands 
(Peler Sehat), Spain (f,.'lcstrcs Quadreny), Swellen (Op'iml Fahlslr<im and Per­
Olal' Stromberg), ami the United States (Milton Cohen, Walter De Maria and 
Le Mome YOUIlj{, Robert Rauschcnbel'g, Jllmes SC;l\vright). The di,'crsity of 
solid·state comrol dcvil'cs Ihat appeared during lhe 'OOs was a r.onsiderable 
stimulus to tltese o'cative ill·tists of sound· a nd Iiglu·sculpwre. The stlr'ge of 
activity in the kinetic scul pturc of artists such as Seawriglll, :lttd lhe pm· 
grarnmed Iiglll perfol'rlr;H1cc.~ of :lnist.~ such as Cohen :lnd Anthony Mm·tin was 
noul'ishecl as \\lcll with hy.products of tire digital computer industry, including 
imegrorted log"ic·circuiu')'. 11lc imcrn.niOlllll phenomeno n of Ihe I'(),~ k ligill' 
s how d iscotheque followed closely the work or thesc :rrtists. 

A particularly interesting example of soLind sculpture is lite MorlSflrN 
Mnchille of C;dirorni,1 composer Sian ley LUlteHa. The Moosack Mnrhine pro· 
duces, mixes, :llId processes SOllnd ;rrHI li):;1I1 aClivities com pletely 011 ilS own , 
Conliiclcring tlte interaction among its m:my clemcnts. the prooability of its 
rcpeating ilScJf, even aflcr m:Hly hOllrs o f call1i nuous perfOl'm:mcc. !'Icems in· 
cl'edibly sm:rll. The sounds of tlie M()(jS(lck MfUh illl' al'e pl'Oclllcctl by (Jsdl· 
laLOI'S, the frc<jllt!ncy ;Ind ampliwde o f which arc COlltr'ollcd by ;1 rnllllJinati~)n 
of liglll, lClllpelOlLUI'C, ami pJ'Oximily SCII.'iOr"li, The rcslllwlII soumIs ;rn:: mixed. 
modified. and :tniculatcd in ('(JnjllTKlion with a lug'ie system cot)l\ining of ;1 
16·l)il digital (DI Hltcr/ dccoder a nd ;1 frel[lICl'tcy·divider chain . Various moving 
pans, :l transducer', ;Hlfl the ligh linf;' of the S('ulpwre :lrc .. Iro ;lcti v;tt~1 by the 
digit:ll logic: sySlcm. The lIIotion, ligh ting, ami tenrper;rture of the MflflsncH 
M(If:lii111' ~nd its Cllvironment arc lI1onilOr'cti hy thc sonnc ~nsor~ tholl r.oJltrol 
the initial sound gcnel'itlion, thus com plcting the complex feetlback. loop of 
lhis 5clf·suswincll sculpturc system, The design and c!wr;tcter of the MOQJn(h 
Mllchi1/C is such IIwl it is on lhat ncbulOll~ liuc bctwee n :In auLOm;t101l and all 
al'tillr,inJ imelJigcnce. In this sense il is ,I C:1I1(lid:tte for the category of lil·e· 
ciectronic music bec,llIsc il so dosely mimic; thc altribulcs of live performance. 

The "instnltrrcnt:rl IOlldspe:lkcl's" (If David 1'1I(lol" s Rnill/ol'l'st, (men. 
tioned previolls[ y) also fit the category of SO llnd scu lpture. j\,fan), of the 
resonating llI<Jtcl'i ,tls ,Ire litcr:tll), "found objects." Fur-tlrer'. tllc sounds {lr Rlli" , 
lures/ :II'e very dependcnL lIpon the space in \\thidt tltcy arc heard. This lise of 
the acoustical .~ p;I(;C as a significant bctor in the elcCll'onic pr'occssing of the 
1I't)l'k suggests an extension of the category of "sollml sculpture" to include 
"soullll environment." Seven, I ot her works helollg here. including Pa11line 
Oli"eros' h/ M emorialll Nicol(f T eJ/a, C,.,smic E.l1g;illf!er (I!lGS). Alvin Ltld er'!! 
I am silting; ill (j 1'00111 (1970), ,tIld my own J.!ol"lIpi!)(' (1967) , 

Oliveros' III M cmoriam NICU/II Tesla , Co.nllie Ellgillrt'r was commissioned 
IJy tlrc r\'Jcrce Cunningham Dance Co. (Inti has bcen widely performed with 
the evening·long tl:mce CClIlfiefd. In her WOrk Oli\'cros has die:: pcrfol'lrtcl'S 
conduct an acousti cal analysis of thc pCt'fol'!l1:tI1ce space. For the dosing lICC· 
tion the space is subjected LO a sCa of low.frequency sounds which csl:lb lislt 
physicorll)' imposing sl<1nding \\I<1\'es <rnd slrufiunli resonanccs in the huild.ing 



itself. Lu cier 's I (IJII ~'i/lj llg ill (I mom treat.~ lhe tWlltral I"csonaJires of the pcr­
form;t\l ce s ]1,I(;c it ~ a ll atou~tk;d riller, A ~ 1)()ke l1 lcx t i~ recorded, Ihen illl1l1Ccli­
alely p layed b;"lck illlo the salllc Sp;I CC. Th;1I p layh;tck i tst'lf is rC((Il'{led, a nd 
II, C secoml remnling played hark jnm tile span'. The PI 'OCCll'S cOJltinu es muil 
II ,C vel'ba l ime.lIiAihil il)' of the leX I has di~;lppcarct1 in 'he 11l }'~l<:t iousJy :lh. 
~ I racted l'eS()llllnecs of lite o.-ig'ina l ~pCCdl t'h},lh lllS, III my 011" 11 work N om/li/H' 
a ~o lo hOt-n isI wears un his he l! an elcctronic circll il r}, which ;lIwl)'7.cS the 
t 'c~)r1:lnrcs or the sp:lrc. This ;1I1 .. l y~ i s is :1I:C01l1plis!tcc! II )' a sCl" i c~ uf lII11ahlc, 
f.,r:tted :1I11pliric rs wllie/t :tt lj ll ~l tlteil' 0 \\' 11 rl .. "'!'JoIJam·cs to co ll1plcTllctl[ rhose of 
Illc performance sp:tt:e. " ' Ilell 51dl"icicll t rCSOll:1ncc illfo1'111:lr.iol1 h;l!i been A;lth­
cl'cd hy c:lch g<lwd amplifier, the RlitC opens ;1Ilt! thc rCSO llatll :C or LllOu pa l" 
tkl1 l:tr amplifier is he:1l'/1 frOm 101ld.')pc<lkcl"s. III d ie COIlt".O;C of tite pel'fonna l1cc 
th e hnrnisl leanl.') lhc (onstcll;nioll of reso na nccs rOJ' !ll;1l piinind:Il' s pa("c. and 
is OIblc to deactivate die. dcC/mllie ('ireu itry by pla yiug sounds Wllidl :1 1"(: Ollt (If 
lit(; rCSQlI:tJll const ellation . Si l1 (c rhe 1 ·C.o;0J1;tl U:c.~ arc an i",llcti by Ihe mUJ1d~ 

wh ich lhc honti'il pl:l }'S, l)lJll l tllC c lctll"o nk rirndlf)' ;m t! lhe ;1I·011.';li(';1I spare 
arc P:ll·t of tile c nsc mblc 01 Ihe work. 

Television and Video Recording 

Vitko leehnnlogy- ll'te lr,lmlario ll of ilna~es lnl u c.lC«(ril-:1l :t lld IlI;tA'IClk fun ll 
for lransmission, l\1odine'llion, :I "d rcmrdillg- I'c(luircs c011sidel":III Iy llltlT"C ~(). 
phislic:tlC(j cCJu ipmenl ,!t:1\I is uSII"II)' (;11<."0I111l el'e<l in amli() Icchno logy. COlll ­

p :l rcd to :Hl(lifl, rhe frcq uenq ' SPCI 11'11111 (01 halldll'itllh) nr " ielen i~ 11I tll II wide ,' 
(:IS lliu(h as fi !\ IH 1.) ;In(/ relillir~ Ihc 11.$(: of radill,frc1 11lCll1 Y c1c(l t(lIlics. Video 
rCI:unlillJ;on magnctic t:' I')(!, II'I,idl hob Ril'CII CrC:ll;,·C nrri s t ~ ; I (TCS!> til tclevision 
- mlu:11 as Inagncl.ie nudio rec'ording m adc cJectronk Illl1.~i(· I4cllcnl ll ), ;I(Tc~si bJc 
- is <[uile d if l'ercll! fm m itl1dio ren)1"t! ing, in \\'hich the lUn g-nel ic ll"amd :llion or 
sonnd vibr:alions nrc rcnm lcc1 I)y a s ' :lt ioll ~lI"}' re{"onlin~ h(::1<1 alo ng IJm lellAll, 
of a movi ng l11.t1{llcli(· 1:'1)<:. In video rC("{)I"(linl4 calll illlage i!, ~cnllled sc\'cr:t! 
hllndred l illlCS, and c:ldt sum is remrdcd h}" a ro rat ing rccordin:.; lte:H I di;lgon. 
a ll )' <I( I"O~ lite \\,jt!tlt I)f:t Illu\' ing llIa~llc:ti( tapc. " I 'h i~ CUluplc.Kity is IIcrc,,,,,ar), 

to adlic" c lhe g-rc'llc.· handwid lh reljuired ror tclc,'isioll si.t.:'ua ls, Iksidcs It:,,'· 
ing:1 head for Ihe lc levisiou s i gn;t1~. \' idcoHr)lc h:,:> at IC;Ist IWO ()tlier trad.:.s: 
(t nc fOr tltc ,melio s i J;nal ~ ami Olle f~lr .,}'nc·hlwli , ing ~ig lt :d~. Thcre arc ~on1(~ 
silllil:lrilics be twecll vidco .1IId audio rCCIJrciing. The nuncra is :l1'1:d Ogot h 10 
tlte mi crophone, [he amplifie rs arc vinl1illly Ihe S: lIl1C excc pt for dilJ"CI'Cnlc:> in 
u:mli wid tll alit! cqll;iliz:llion, thc n:conlCrs u~c IIhagner.ie rnpe dl;n is swred 0 11 
rcels flI" f:l5SC IlCS. a nti IIII..' televis io n SCI'ce li i ~ ana logotls to th c lotldspc:lkcr. ,h 
wil h :Iudio, " ideo signa ls (",1\'1 be mixed, filj("rctl, edited , and even " I CVCl bCl";ucd," 
though tlte spccifi c etlU ;PlllCI1l rm' these fm w io Hs is differc n t. The il1tClisity 
o f a ddeo illl:.ge is (ol1ll'olle(1 ill lite sa me way as lite :tmptillllie ti l :111 ;mdio 
s i gTl:~ I . Of [lHninllar I 'clc"alH~c to lI LC c1'cali\'c ani st is tile f:let 11 \:/1 \'j<lcl) im:tgcs, 
Ii kc aud io J; ip' naJ.~, ell II be clew'unital I)' 5)' tll he!>ilcd. 

One of lhe mOSl illlcrcsring aspct'u of "ideo t(:dl1I01(1g)' b rhe t;() lIl rol or 
mlor. Though evcn more eom plic:ttcd lita H tIlo nochrom e tclevisio n , ('alar ha.5 
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keying is CIl()l"1ll0IlS, :l11d the ledmiqllc can be lIsed for dramaLic abSlracling o[ 
illlag-es, It is curious [h:u ";l1ldio·kcying," Wllidl i~ analogoll$ LO video. keyjn~, is 
;!lso possible but h<ls been Llsc(l in vcry fell' clcl'tronic-Illusic "'arks. Howcvcr, 
audio signals arc toulillonly \lsecJ 10 sYlIlhcsil.c and modify television images. 

Ikgilln ing in l!11i5 Lowell Cross cOlllposed :1 sc l'i e.~ of works in which telc­
vision images wcrc produced hr :lIIl1io c1cflection and mOllllbti l"1Il of thc 
electron bC:lI11. One of the most interesting is iI'IlI.sirn 11I.slnlllllm/(tfis, for color 
te levision, which is perrormed Ih'c by David Tudol· [In a sie rcophonic bando­
neoll. Thc SCOI'C cons ists of COIOl ' images th:1I Tudor, hy pCl'fonning Ihe 
l)lI ndoneoll, attempts to rcpl'odute on lite television screen, Stevcn neck has 
designed a live·performa nce e lectron ic image synthesizcr thai IISCS both :'Ilrdio 
and video signals, :'Iml ha s produced sc\'cntl real -limc ,·jdc.'Q (ilPes in coll:tbora­
lion wilh composer Richard Fekiano. \Voody ;mel Stei n<t V"sulka perform 
Ji\'e with a color s}'lHhcsil,cr. which thc), o ft cn lise with sYOI!le:;i.f.cd imag'cs 
rrom monodll'omc \·idcot:IPC, csploring the hCOIutiful realm of colol· tha t lic.~ 

just above thc thrcshold of colOl' PCI"('cplion, 
The sizc of the tc;lcvision screen is limitcd l>y the pr:lllic:llities of .. tthode­

ray Illbe 11101111If"CI1II'C, and Ilrc gcncral usc of soJid-~I;IIC n:tl·s(reCIl devclop· 
ments is still SOIllC yc;,rs in the 11iitll'e. Projection lelc\"i~ioll Im~ been uscel 1,0 

filll:tl'g'c arcOlS with in1<lg<:, though except fO I· the .1':idoplrol' projeclion system, 
the image intcnsity h:ts Ilcen Jess lImn ~il ti 5LIO Or)' , Tu dale, then. I,cledsio n 
has 1)(,.'('11 ,m artistic medillm of ("hn mhcl'-llIlisic Sf':rlc. 

l asers 

The del·lronic m:miplIlal,ion of im:rg'cs in large spares firs t heellne pl'ank;!1 in 
the '(jOs with the developmcnt o f the laser, The laser is {umlall1entally dilfcr­
cnl from :Ill y pl'c\'i(lIJ!" liRll t-~(menilill~ procc(lure itl that it prollurcs a beam 
of fig-ht that is f'ohercnl: l,he li~hl cnergy b pl"c(!olllinatrTly a ~in~ fe fl'cqucn ("y. 
The b ,er most comnlonl y used b}' artisn-bi'r:ru~c of its JOI\' rost-is the 
helium-noon g :rs 1.,.\(:1" which cmils :1 decp ret! ligln be;l1n of ti,!'I2H AIl~SII'OIll S . 

The visible spectrulI1 of liAht is rOIl~ldy betwecn ~.ROO ilnd 7,60n AIl!-ilill'om~. 

1 .:I.~c ''S (":rll be made wi lh olhe'· gzISCS. as well :IS ",j,h J1l1oride~. 1Il1lgstates, metal· 
lie os ides, and various senticonductors, to produce d:;ible f~()hcrelH light of 
othcr {"(lIars. The l:'lser ("an be manipui:ll eti ;11 two b;L~ir wa}'~ : he;rlll deflection 
:1n(1 intcnsit)' IJllKlul;uion, Ikilill dcllCClion is accomplishefl ill scve,·"l I\'OI)'S; 
the ItlO~t pl~ tClj(";tI scents 10 be with a llIit'I'Or-g:II\':IIIOmCtCr, iln elccl l'o·optkaJ 
dcvice in which <r sllI,1I1 mirt'(lI' mOves :lcl:ording to audio·fretl'tcncy sigu:rls, Jr 
twO nrinor.g;II":lnonlctcrs :rre used, one for lhe vertical "sis and the Olher rOt· 

the horiw illai. the laser beam projects oSl:il1ogrilphic images, I II~Cnsily modll­
btion ca n bc llchieved by liglH-pol;rri/ing semic:onduc\o I·~, 

Amo ng the projects of anisl'l wllo have used I"SCN ill li vc PCl'fOI'I11;I11(,C, 
one of the mosl intcrestiug was the Vidto / LIII"r I, a co] bhOl';tlion of Lowcll 
Cross, Carson Jeffries. :md D:rvid Tuclor, devcloped for lir e pep~i ·Cola ravilio ll 
at EXPO 70 in Os;tbt, For Vit/eo/Loser 1 a Krypton-ion la:;er th:'l gcnc)';rted 
(our colors (red , yello\\', greell. and blue) sinm!t:t lleollsly was used, By ntodul:u· 
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ing c:lch of the four be,nllS scpar;uely and by projecting thcm thrOuAh v,lfious 
tl':lllslucClll materials, com pIes. kinetic dilfraction pattc.ms weft' prod!u:(!d . 

In Paris in Onoher. 1972 the composer Inn n is Xennki$, \\'110 had wOI'ked 
Wilh Edgarcl V;m'!$c :lnd thc il rchitect I.e Corhu~ier on the Philip~ 1\lvil ion OIL 
B russcl~ ill the laiC '50s, prcscmcd a stochasti<.:a lly determined light ;md sound 
s peclHdc cal led Pol ytope {I e Cluny. By ll1(!ans o f prof!.Tam-control tOlpe~, Xcn<ll:.i~ 
s)'uc/!roni zcd 1llusi qu c concrete wilh a four-color llIi1lrix of rnpidl y nrlicubtcd 
lasers and a conSlc lbllioll o f sc\rct,:1i hundred s lroUC lights. 

Artistic applic:;tliOJls of holog-nlphy, ;I three-d imensio nal image p\'Occ.~s 

lh:ltl'cq uircs J:.scr liglll, arc jllst heAinning, PrCSCIll tcchno logy lil'n its the view­
i ng it pCI'Ulrc of hologl':qlhic i m;lgcs to approx i mnlc1y t wcJ ve ,~q ll;! rc i lI ("hc~, 
Similal'l}' small in are;. ('l~ of the cady '7 0s), olher II1 C: lns o f electl'l)·visu:11 dis­
pl;IY, sll ch ,IS ligh t,em itting diodes am I liquid crysta ls, li re ;tl re:ul), bein~ used 
ill SIlHl/l t::tl rubtors lIm l dig'ital lime pic(e$, }\lo ng with holognlph y, these pl lc-
1I0111C n:1 hol(1 f:ll u :lstic possibiJitic.~ for the visu:lI :ll'U o f the (mure, 

ASlro-bio-geo-physico l Appli cation 

\ Vith the dc\'clopmetll of .lIl r:l-scnsi li vc clenronic clluipme nt during thc past 
11 ,. lf .:e ntufY. IIIllch pl'~vil)l ls l y lin known ('lslropllysir;ll , biopll )'sical , and gen­
physlr:tI ; ~ c ti vity has been deteelcd, Gcoph ysir:d :leli"it )' h:1I1 hecn cs.pel-ienced 
in tlte physical lIl;lniresl.:lIio IlS o f tides, c:lI·t h<IU:lkes, :111(1 t~tl tI:lIlli s. nut thc 
an:urate measuremcnt of this ;lctivity, ilS wclI as of th e forrncl'l y umlcteclCd 
llIi croseisllls, gr:nr ity wave'S, long·pcriod rcsonan ce, ;lIld seismic propilg:u ion 
chnra(tefis ti c.~ of the eitrth , wcrc possible onl y with the dcvclopnlcllt of low­
noise, higll 'Aai n ampliflc:ltinn :tlld clecU'oni c transduCCl's, A~trophysical activ­
it), II' :IS obvious f.·om the visible ligh t ,~pc("t nun, hut thc grea test p.o't of this 
activi tY-SI ICh :IS c lcclro llmg llctic ;lnt! cosmic 1';ldia t ion-w;j ,~ n OI n:Yc:llecl un t.il 
the :Id"elll o f spcriali~cd Il!:lRnClic sensors. radio astronoJllY, :Inti illl crplanclary 
explora tio n _ Uioplt ysir.;d clectric:d acti vi ty ber;unc impo rtlllll wi!.h the IISC o f 
s6phi sli <:il led cIC(;lronil:S in pll)'siological ;Ind medi cal resca rd., 

In lhe '[jUs scveral composers began using these phCnOI1lClI:1 in the ir 
\\'orks, mostly for live·electl'Oni c mll sic. The explorations of Alvi n illic ier h;l\'c 
been J'cm<ll'k<lhle fOl' Iheir musiGl1 illlplir.:niOlls :IS wcll iI~ tltei l' conce ptual 
di ven.it)', Lllcicl"~ MilSii' lor Snlo Pm"/orlllcr 1965, pcrh:tps the carlics t 1I~ of 
clectroenccph:llie sig nals in Jivc lllusic;!1 perfonn,lIu'e, ampliflcs Ihe brain­
II':I"C alpha CllrrelH S of a solo performer. \ ,Vitl! p"<lctice, the perfonnel' le:lrns 
to IlI r ll his :llphii current on or olf a t wilL SC;ltcd o n stagc, with eJectfodcs 
illlilChcd LO the occipi l il l lobes of his head and to a neurologi ca l ilmplifier. the 
performer articl!!:ltes with his alpha curren ts IIIC sympatllet ic resonanccs of an 

cnsemble of percussion instnllllel1 ls. 
] n Dcccmber, 1970 COll1p(l.~er David Rose nboom PI't'$clllcd his EfO[ogy of 

the Shin, in which lhc alpll:l, bela, a nd thew currents of il(!vCr;lI people wCrc 
applied to cont rol inpuls o f (1 11 elC(:tl'onic-music synthesizer_ Not only were 
sounds hea rd from this synthesizer. 1)111 mcmbers of t he audience could lwve 
their own privat c light show by applying phogenc-slimu];lling electrodes to 
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their lCIl1POl"ilI lohes_ At the same time. in his em"tica ll'll"1 production ;11 the 
Modem 1\1"l Musellill of Paris, Pierre Henry wired his head into ;1 sprawling 
flLTangctnel1l o f apparatus lhill purported!)' modul:ucd the (olor o( it telcvision 
set as well as producing $ound, 

III 1!)6fi Alvin Lucier composc<l lI' II isJlcl".l, in wh ich . with speci al VLF 
radios, the souru1.~ of clCctrolll 'Lgnelic~ diswrllantcs were received frol1"l the 
ionosphere ,md electroni cally pl"Occs.~etl by an Cll.'iemble or live performers. 
Latc," th at year, at the 9 Evenings o f ThcHter :Hld EII~inecring in Ncw York 
City, John Cage preliCllted hi "~ VI/ ria /ions VIfJ the sounds of which were ob· 
t"incd live fl"OlI1 wired and wireless C01l11l1uUiC;Ilio ns sources. Also o n the ~I 

Even ings pe l'formant:es. Lucinda Childs prcscmcil hel' Vehicle, :t lVork. usi ng 
dopp ler SOlla r; Alex Hay p l"esellled his Crass Field. a work lISi n~ amplificd 
br:cin wa .... es and !Tlw«:le TllO,'cmems: and David Tudot" prescnted his Bando­
/lCml!, a "combine" of proRnllnmed audio circuits, moyillg I IHldspelLker"~ , anrl 
iLlsu"umcnlaU y dCI'ivet! le levisi()11 illiages. 

In 1967 Lucie r presen ted/lis Shdltt", in whidl c.nvil"Onme nwl sound sens­
ing, using tIL e: propag.nion characteriStics of wil[ls, noon, and n:ilinl,'"!I, was 
"chievcd Ilf :lI'npliryill~ the "~j ~n :tl s ft"o lll spc("i :d vibration trallsducers" This 
I1lIl ~ i Ca l seislllology lI1ake; use o f man-madc dinurhances. thol.lg ll in twe lllielh­
cClllury ltrban life il is difficnll to disliuguish he tween lII:iIl-lIl:lde and geo­
ph ysici\ I micm~is Lllic llctj yily" Other IlI Hsical uses o f geo ph ysica l phCI10TltCllii 

illdLLdc Ill y own IH f)gJ"f/I, IIS (I!JG2-fi4), tltc SOlLLlds o f which orCllr in time :IC­
cording to llle wave-front <lrrivalli of underground nuclear cx plosiom: :md 
Cllal'l c.~ Ood~'e'1i E(lI"/h'.r M agnl'ti!": Fif'ld ( 197{l). in whir" Ihe ~ u Lce"~ion of 
l"olll/lllter-sYlllhesizcd sou nds COl"I"('''!lponds W lhe kp indexes 1)[" the. m;lgtlclic: 
:lctivity of the EOInh fo r the ye:lr [961. 

Lucier's "~spt'rs ( [9(18) uses pulsed , high-frequency soulld fot, ccho loca­
tion, I'I1lldl lU. do (:lIul ill [11)1101' 01) b01t$ a mI o lher a nimal experts in "('ousti(" 
oT"ie llt :lti(Jn " In Cera ld Shapiro's Tit ,: Suo1J(1 Picc,. ( 1971), the ;L1I(lio Illodula­
liom of in frared light [>callis O1re IIseel!.>)' the performers for sp:1tial oricl1!ation. 
These two works, along ""ith LLlciw\;, Childs' doppler-soll;lr Il chir/e, at·c spe­
ci:d eXli mples of music d erived ft"om hinph)'s i" tJ so urces, They arc sllrrU!{(lle 

e lCclr(lII ic extensions of human bioph)!sical ca pabilities, and arc of I en mode led 
afte r olher animal 01" arcifici:"ll sys lems" O ne reason I"lty slll"l"ngalc hiophysic:t1 
systems are ;utran ivc is thai a specific intCllIiol1 Gill be : I ~colltplishe([ Wi lh 
f.,,,"e:ttcl' convenience lh:ln is the case in dircctly 1ll(lIIitori ng;t I)io physica l proc­
ess. FOI' exa m pIc, Ill )' 0'''11 piece, UEAM , perfonnc([ in Tokyo in 19G!I, requ ires 
mOllil oring of the ph ysica l Illatio n of the buw "rills as we[1 :IS the sounds of ;'t 

\' ioljni~ t ;uul violist. Orig ill;dl )" J planned to monilor directl y the myoelectriC,l l 
sign ,L1s of the pCl'fol'mc rs, These signals a rc pttlse~ that ch ange in r. llC :I('cord­
itlg (0 tlte contract ion OInil fatigut! of the bow·al"1ll muscl es; the), wert'! to dCl er­
mine hot h the cicct.J"On il modifi c:atio n of lhc instrumen tal SOlC nd and the dig i­
tal disp lll y of the computel'·collll"o ]Jc(1 swre, 11et:;L USC of lhe discom fo t'l a nt! 
ullrelinbilit)' of direct wiriug to the muscles, " surrogate sys tcm of clcctroni c 
pOsitio n senson. was designed in the [onn of bOW·,U"tll sleeves t !tal were rOIll-
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fOrlably WOI'll by the performerli. The~e slee\'e5 ~ener:lI,ed \':ll'jablc-r;llc pulses 
si milar La those or the muscles that they covered. <lml the original imemioll 
was fulfilled . 

Some biophysical signals are relatively C<lsy to obtilin directly. Cllrdi:lc 
and rcspinltory :;ounds em be llmplificcl from Qu tside the chest. Palilirll! 
Olivcros tl:lS uscd :lrnplified heartbe:ns in li \'c pcrronmH1ccs or her flaleuthlt! 
(1968), for foul' card players. and in her ESP·oriented f-Y.ft[1' :::: 1 (Thc In­
definite Intcgral of Psi SI:1r Psi d Tau equals One). fo)' hcanbe.It, Shakuh;ldri, 
and an ensemble of ~i ll l;crs. actors, :llld inslnmlclwllists, For the accompani­
melll \0 j"lcrce Ctmningham's / .... OOf).f (197 1). the heart and rcspir;llory SO\lnd~ 
of;1 solo dancer ;!I'e transmillcd by wircless 0111([ :lInpli fi cd in livc pcrformancc, 

Multi-MedicI 

Using all son.s uf sp:uial cnvironments. multi·media ca n invo lve ;111 thc phYlii­
I":1i senses. and Orll~1l transronn~ the :tutlicllce from Spcclators tl) punicipalll.S, 
The practkc of mu/ti-lHcdi:J is ~o widespread ami is applied lO so Ilwny pel'. 
fOl'lllancc t.i '·Cll lilSt;mcc;<; lhat it is impcl',;tlivc here te) focLl~ primarily on thc 
ways tlmt (,(JIII/JOlin,f have ('ontl'ibIlU!d 10 Ille an, r-" Iultj·melli:l protlu('tiollS 
have received sped;1i ;men ti on 'It inlcrmllional expo~ilions. P:lltiWI:lI'I)' lhost! 
;Il Ih 'u:;stls in 1958, Monu·c.d in 1967. ami Osakll in 1970. The Ph ilips I):wilion 
at Brllssel~, ill whi ch V:m:sc's POI~IIIC Eleclnmi'lut: was heard cin:ul'lling 
through -125 loudspcakers. 3ml the Pepsi-Cob! Pavilion at OS'lb , desig'ucd by 
a (:o ll aboraliOIl of severa l dOl,en llvalll .ganle ill,tisl.'l, nrc histol'ic, 

In thc Unitcd St:l l C.~ ill [957 (the ye:u' o r preparation Cor thc Philil).~ 

P;I\'i1ion). the weekl y Vr)I' /I! X pCl'fol'lllanCCS at thc ~ .. lolTison Planct:lriullI in Sa il 
Francisco and lhc 1\'(fllri/r:s/lJtioIlS: Light (II1l1 SOIlIl(/ pCt Corlll:Illn.'lI in AIII1 
Arbor were pioll eeri ll ~ C\'CIllS in Ihe il11cl'lIIcdia of c!ectronic tlIu~ic ;lIld light 
pl'OjcClion. These PCl"fOl'llIanccs wcrc (oll:lboraliOJls, florl ex bcing dirc( u;d 11)' 

Jord:lll Bclson :lnd Hellry .I:1cob.~, :l IHI Mlllli/es/fllimt.f by Milton Cohen. In 
the followi ng decadc. at approximatcly three'ycar intcrvals, ucw lIIu[ti-media 
coli:lbonuions were forlllcd. l!JfiO saw thc fOl'ma lion of the S:lIl Fral1t'isl'O T:lpc 
Music CcntCt' ( 1~:lId inc Olivcl'os, R;1I1101l Scmler, Morton Subolui(;k, Teny 
Riley) and thc ar.::livi ti e.~ of Tokyo'.'; Crou]> Ong:lku ;lI1d SogClsu An Ccntcr 
(Klrnihnru Akiy;un.l. Toshi Ichi yall:l!-\'i, ", oji YuaSiI, Tnkahisil Kosugi . Chicko 
Shiomi. and others). 1963 W;l~ lhc bCKinning of thc Los AUf{elcs Expe.l'imcnt;il 
i\ l usic Wor!Q;hop (composcl' Joseph Byrd and others), L.;I Mornc Young's 
Thciltre of Etermll Music in New York. and, in Ann Arlxll', the Space The:lll'c 
ami the ONC I~ Group, Iflfi[j willlcsscd thc orv;aniz,lI lioll of USCO in Ncw York 
(Genl Stcm. Sian Van Del' Heck • .Iml Yalklll, :lIId othcrs), I'uls" in New 1-l:Jvcn, 
:lIul thc Tllulti-mCdii! pcr funmll)ccs dircct,cd b}, Ullo Ka::>elllcis at the IS;':I('s 
Gallcry in 1'Ol'on[O. Th1'Ougholtt this decade pllralle[ dc\'clopmenl.'; WCI"C 
occUlTing ill theater, happenings, moderu d:lIl(;c, and cinelll;1. At the University 
of ll1inois dmi ng lhc '60s, John C;lf{C W~lS involved ill twO multi-media CXll".I\':J· 

~lnzas. His Music CircliS involved scve)'al hundrcd pcrformcrs ill ,I livestock 
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pavjlioll, flPSCflD, a coll:1boralion with Lcj:ll'cn I-liller, Ronald Nameth, and 
a computel" WlIS a !iI'I!-hour performa nce ..... ith scven harpsichords and hun ­
dreds of lap€: rcconlers and projectors, 

The beginning'S of multi-me!!!;] in Soml! ,\merie;! ,ycre app:II'C'! llI after 
196-1 ill the experilllclII.al music cemers of Buenos Aires (at the InsLilllt() 
TorcuaLO de Tella) :md in Cordob:t , 111 1%7 Jose Vicentc f\ 5l1ar composed his 
two-hollr /1rll1l1!11l1je (I Camelis fol' four tracks of tape. thiny-eig'ht JJI'ojecLOrs. 
rifly live perrol'mct'S, ;In\l a larp;c mct:d structure, The Br;l1ili:tn _ Joey de 
OliveirOi irHJ'Oduced her Pl'o imbili,flic Tll ct/lrr I ill 1967. and her PO/III/cramcJ 

in Sl. Louis in 1070_ 
The 1ll0J;L remal'Kahle of all multi-media eolJabor,Hions was prol),lhly the 

Pepsi-Cola P ;tI' iliOIl for Expo 70 in Osaka . This project induded many idcas 
distilled from prcviolls Ilwlti-mcdiil ilcti\'itics. ami signirlc:lIltly a<iv;weed both 
the an :1Ilt! lcchnolol-{Y by numerous innO\':ltions. TIte £"po 70 p;l\,il ion was 
rCllI;11-k:thle fO I- sevcrrtl reasons. It w:.s ;In intel'nrtl,iOllal col lOlhOI'OIlion or d01:cm 
of anislS, as mallY engineer'S, lmd numerous industries, all coor(lin;lted by 
Experiments in An and Tcchnology, Inc_ From scver;d hl11ldrcd proposals. the 
projcl' ts of twent y-eight anists :tnd musicia ns were selected for prese o t<ltiol1 in 
the pavilion. Thc o\H~idc of lhe pavilion was a 120-foOl-di:11l1Cter )o;eodcsic 
domc of white pl:tSlic and stcel, emhrouded by ;111 evcr-<:h:t l'lgi ng. artifi ci:tlly 

gencrated w;uer-.vapor doud. The public plaza in fro nt of -lite p,lvilion con· 
wined sCI'en man·sizcd. sound-emit ting fio:lts. th:l t moved slowly and ch;illl-\ed 
direction when tOllched. A thin y- foot pobr hcliostat sndpture tracked the 
Slln ;md I'cflcnc<i a Il'.n·foot-diamcl(::r su nbeam from i IS ell i pi il';11 tIIi lTVI'I 111-0 11):;'It 
t.he cloud OIllO the prtvilioll _ The inside of lite p:lvilio11 co nsisted of two large 
~paces. onc black-walled awl drllll-sh:lped, Ihe other :1 ninety-loot high hem i-
5pherical minor dome. The .\()u nd and light environmcnt of these Sp:II::CS "':I ~ 

achieved by au inoov:lli \'(' :wtlio aud o]>li,,1I system co nsisti ng or st~Hc-of'lhc­

;'I1't analog 1Iudio drruilry, ,,,illl krypto n-lascr. Lungston, (jlla r lz-iodide, :lIlll 

xenon lishling. all (oll trol led by :t spcci:llI y t!c~igncd digital I-ompuler pro­
gnlmming facilil)"_ 

The .ro un d. light , :1Il1i (:01111'01 systems, :lIId their illlegnil ion with lhe 
unique hemisphericd ;1<:o l1sti c; ;md OPI.it'S of the pavilion . were co ntrolled 
from :t rnO";lblc console. On tltis console the lig illin,t; and sound had se parate 
panels from wh ich l he i nt e ll ~ities, colors. ;md direclions of lhe lighting, pitches, 
loudness, timbre, and direcliom of lhe sound c()lild lIe cont rolled by lj,'c 
performers, The scIIH'ltI-moving r.:tpa bil it ics of the (lome were arhic\'ed with 
;j rhombic grid vf thirty-seven IO!l(I.~I>e;\kers SUHOUJlditll;' the dome, and were 
dcsigned to allow the IHOVet'llelli of SOlJnds from pOi lH. str.light linc, cUrI·cd. 
;'I n d field l)'IX!!"j of ~ourcc~, The speed of 1l]tWelllcnt ('Qu Id val')' from extremely 
slow to fast enough 10 lose the sense of motion. The sounds to he helml cm ild 
he from any live, t;lped. (II' ~y llt hcsilell IiOUITC, ali(I up to thirt),-twlJ dilfere.lll 
inputS could he controlled :tl OllC lime._ r lU-lher1ll0re, it was possihle t.o c lec­
tr(luil:ally modify these inputs by IIsing eight channels of Illodific:at ion circui try 
tllat could cha nge the pitcit, loudnes. .. , :Illd limine in a V:lst number of wmbi­
natiolls_ AIIOUtt l' console panel cont ained Iligit:d tirCllitl'Y Ihal could be pro-
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g r;ulIllIf!(1 to automatic:lll y (,onnol ;lslX'cts af the light a nd sou nd , By their 
programm ing of this COlli 1'01 panel, the l>C!t' rOl'lncrs cou ld de lcg.uc ;111 )' ,.mOBm 
o f the lig ht and M)u nd fUTlctio ns to Ihc tlig ital circuitry, 11I11S, at o nc extreme 
the pavilio n could be cmircly a [h'('''pelfonnallcc instrument. ;11'1([ .11 the ot her, 
<In lHIt()llmtctl e nvironme nt, The mO~1 illlporuill1 dcsign (l)llCcpt o f the pavil· 
ion was Ihal it was a livc·pel'for l1l:uu:e, multi·media instrument. Uet ..... ccu Ihe 
('X II'Clll('S or m;lIlual :iIId a uwm:nk cOl1lrol of sO nlllllY :lSp<:f't5 o f ct1vironll1CIll, 
ti le anisl could CSlablish all sorts o f sophisticlHcd Willl ·H\.trhiuc PCI'fOl'11Ia llrC 
iIl ICI':lf(ioll5. 

As electronic technology conlinu es 10 diversify, and :IS Hlot'C physical 
phcnolllcn:i bc(olllc <.Icccssibic, ( re;lIin! artist!; .:Ire likely to increase the ir ex· 
plor:llion of ncw W:')'5 o f relating ]Iuman anti OIher n ;l\ uI';11 systems LO ;Ir{i· 
ticial systems, for CI!>C in the li\,c·pcrfol'l1l:lIIc:e <Ins. 


