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l i is .  l .  l 'arr  o l  t lLe ei ju ipnexi  , rntno)ci l  i ,  r lc  l ' l i l  t , '  l l f+rnlr  l ,a l ,orgn' i 's  hr
xr lnrs tLe dld. l ror ic h.J le l  

'nacjc 
r l . in ind tbcl  . (h ihcrshlca( 'nmeofr lese..n

m.sn.t i .  t i f .  r . . . i . l . rs nr.d (somei inr .s n\r  ar  s i im.) .  -Us. ro l ,e.ecu rr€.  f rDb.r
.frmllili.rr. a nririns.l.st. nltcrs. nr.tlumes. rrrnnh ele.irori. vrund-ront..., lond

This is not Lhc placr:  to go into the erolut io.  of

Lh. lat ter  tvpe of  music.  Thosr:  ,o $jsh lo k.( 'w

more about t}r iibj.,iL .rn lind infornaLion nr
\ar ious t ' ( 'oks and puhl i rhed at ic lesl) .  I t  \ r i l l  l , l
rnough to note h.r .  rhat  lh( i  ( l i f l i i r rnt  1r . , , ( rs o1

comlnsi t . ion l l ,a l  .arr  at  l rerent be dist inguidien
al l  rgrec on one e-(scnt ia l  I ,o int :  rhrv inur i r l , lv
.ml, ln\  " /pdr,r ; ,  rn, , , r , - .  r , r , l  r r r  ldni ,  r l , t  . ! t , t i t

.e.,rl;r{, ii'r LrinsformiDg the sounds and mouldjng
th.D into someihing fnt i r f lv  ncN rdd uni{ I r , .  Al l

these tren, ls wi l l  hu l , i i r ( r l  Lo l ) r  thc .o l1. . t i le
r , , rm " l l lc . t roDi.  Uusic- : ) .  The r l i t rerences of  rn\
l ,cr$ecn the l rotagonisrs o{ rh, i  vrr io, ,s t r .n,k.  n)mc

of vh,n,  curn,usl l  cnough" Lare brought a neN

'1, ' i , ' , , '  inr"  b" i r - .  s,  , r r '  "n l r  t " ' r , l  
' , t , , ' r '  

i ' ,  t , . , - ' -
in i r .  : .1,r '  H,  r  i r '  I  r r r r r .  * . rnt-  l l ' .  "dt" i . r -
mat|r ia l  to bc r | : rn c i l  l iorn "concrete" 'sounds. rs
Jni  c\ample a srcam {hisr l , i ,  a r la1,  o l  t . }unr lcr .  a
, l r ipping gul l . r .  ard so on, arr l  hc dcclarcs al l
r r r ( t iL i (DrL dusi .a l  .onlent iotrs taboo (" I l lusir | re

f  onc$tf ' ) .  Thr: ' -Strrr l io dc" Ki i lno Rundl iLnl . i ' ' ,

$hfr i  l i imerr  aod Sto.khausen are at  work.  vants
to idDrn onl !  s:ntbet ic soun( ls l ,nnl , , r ! ! l  r l rc l . ru-

') f. S.l[dlr. \ Ir r..hcr.h. d 
',n.,tr$nlur 

{r,!r'it.. lill.
dtr  S.ni l .  l 'ar i r  19t2.
\\. Ievl Fider. r,llchrrn,Le Klallserzrnguru. DiiNnl,r.
\e. la{ .  nor 191r.
H. tsrdnry..rd {. tsr.ndof. (inrr.!i. ei,lirr'trarhf r,'
rodi . f t r i r .hc Drzi fk.  l lann'  Fl l fdnr i r r  1. l l  l -  l { , r  01115i .
l t56 ( \o.3),  ( ln Dnnlr . )
1,. (. Priehrrs. lirbili ,les reelLnn.lr.r Zciralt.rr. ,lrhnri.
\ . r l rg.  ! i r i l r r fg 11l la.

.) Th. r.ri1c. rln n l,e rcnind..l r]nr rhc hi', hn: bccr
gi \ .n !nr i , ) r i  l t l f t  d.uni i .nr ,

i r :a l l r t  th is school  ( ' f  L l ,ougl , r .  r lso sccks r , ,  r r ( , ( l
t  f l t i ln,na] dusi .a l . lements such as melor lv.  rLr thm
aril harmonr'. and farours th. t\I.h,!not. t.ch-
r i r lur  intror lucrrL h\  Sl ih i l rb.rg jn r l ,o, , r  1921.
A!n(, ,g th.  .o lF,s.rs a. t i \ .  in th is l ie l<l  other
r , )uDt ies Drrr  be ment iotr , r l  \  ar i re,  l .ncr ing arr l
I  sachorskv in rh.  Lnir . , i l  Srrr . ! .  l lad. iDr an( l
I ] . r i ( '  j t r  l r i l ) .  and b the \ether lards Badnrqs
(radionhonjc opfr  "Ore,. t r :s -  Pr i \  Tt . r l ia l9; l :

bal let  rnusn, "( ] l in an. l  t l , . l " :  l i lD musi .  ' :11r.
I l l i rs Dut.hDiD") and De l ,eeur '  ( radiolhouic

orator ium ".Tob ,  Pnx I ta l ia l9;6).  Th. l$"

i logmaric anirur lc ( ' l  r .hrn .ohposcrs ippc s l ;oxl
thr  h. t  rhat  rhe! somet imes..-s in 1}.  r .d iophonic

$orks nent ione, l .  use r lectrmir  m, iars in ( 'nb; ' ,n-

t ion $irh- olnr l \  as . (mt) l .n.Dtar)  to.  t ra i l j t ional
,nusi .a l  i rFlr t rucnts.

In th is art ic l r  vc shal l  t r  c lndlr  conrtrnrr l  r i th
th,  r .chni . r l  rstr t rs ( ' l  l l l ( i . | I , r ic  l lGi . .  lL is
, ' i , l , r r  rhrr  rh i  \ i l , r  r l , .  rdr ' ! ,  o i" l " , r runi ,  r , -
sorr ts on shirh rh, i  r (mt,( ,s.r  , ,ar  dra$. th rn,h,  r
, . " ,  1, ,  r1. ,  , r . . ' r i \ ,  !1. \ .1, , i ,m' I r  . , i  th i -  mu-j . .
Ior  the .omt)osi t ior  (an( l  " l , r rhrnu,c,r")  o l  

'h, '
I . r l l , r  n, ' r - r .  ( . , , r , . ' , , ,1 \1,1 .  r l , i , l1, , ,1 r t -  1,r , -
'n i , r ' ' ,  nr ' ' .  r1, ,  f r , , , '1, , , - , rd,e\  on r}p. , tu i t ,m-nl

an. l  cooleut ion , ) f  thf  - \coust ics Group of  I l r
Phi l ips Researrh l , rb, , rar( ' r i .s  nr  | t indho\dr.  Thr

l,rni.ifal ar)r,aritu-. (see /is. l) ptuplo.ied in "Ciir
rnrl ,lbel" arc rlesoibcd in tLt lolk,rvirg 1rgcs.

E\aml, l16 oi ' thr  rornr ls t r ror lurrr l  arc gr\1! !  ( r r

lhr  grrm( ' t l , ,nr  r ror l  q '1)o r{  to th i r  ar t ic l ( .
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Th. jnde\ Iigures l. l in th. text ..ler to thele 
'aam-

l,i,is. Tho readcr is recommen(lcal to r.nd rhri articll

lirst atrd tho, lo listcn to th(j record \rhil: rferr;ng

to thc cotril.nse,l r:xplanaton dr)tes pli\en !t Lhrl

(ind o{ rhe atliclr.

Technical aids to trleotronic Uusic

l : l " . r r , 'n i .  '  nFin ' .  t ihc ,  r ' t ,  r '  i r r "  rh" I  ar iun

of El..tronic {usjc in ti... $a,!s: it Pro\ides n'rv

.- , , ' , r .c-  ,1 ,ou,"1.  i r  m, 'k"-  i r  l "^ ' ,h1" r , ,  dani l , ; r lar"

and tansfom sorrds, ar nnall,! it govcrns tI'

reproduction of thc mrrsnr. For I'd Pnrl'3es it $iii

b.  .onl i i ienr l ( '  bcein r t  thr i  d .  thr l  is  to 
' l is 'uss

the r,'l]rodn,,lion fi.i I

' lhe t , i rm 'c l ,ar t ro l i , i  rePror lu. t ior i  inPl ics rhf

re-crcaLion via amlnifier6 atd loudslcakerr I'l sorn(l

or jg inal l l  creair t  at  arolh.r} lacr i  or  at .norher In i ' '

Th.  apl ' . .c iatnr of  c 'e|r  r r l )e of  "r .Prodncr jon" js

primarill' rl:termi,ul b,-v tLc .ritfirD of irs fiilelir'1'

h rhc oiginal. The familiar '"hortcomnBs of 
'1"-

Lronic r.proiluction jir this r.sPect ('oise, distotion

and the holc-iFthc{rall .{lect3)) have lrc'n elimi

natcd to s,Lch an.xtent br improvemerts, ror cxam-

ple, electroDic tubes and iD rfcordnrg 'thorls
(magnetic recortling) arrL b-v rhc int'odn'tion of

sl.reophonic tcchniq!.s,that tl.ctronic rePro'lu'tron

can no* bc nadc alnost indistnguishablc frorn

th. .riginal \o$ that rh. odium of l''ing ! n're

- ' ,h-r i l ' , r .  n. ' l  t ,o 1, , 'grr  J l la 'h r"  ' l '  
In 'n i '  I  -

nrodu.tiot ti. l,'udspcrk.rs, m('re slrcss carr be

ia on rhc fact rhat Nch reptriuctiotr ofiers possi'

l,ilitics {hich are rleded to 1hc orignral (jn I his scrrse

it $ould rcatt,v bc norc appropdatr: Lo FPt4k of

r:l:ctronic "prorluctiot" thdn of "rriProductioD" )

Ot. such tossibilit,-v r.si.tes nr |lrc unp"'eilrtt'd

frcr:don tith which thc po-.itjotr ofth. sounrl soorcc

be arargerl h a giren sl'ace This

has been exploircrl - Io gilc (,re erample b'

(hposi rg lou dspeak.ts around an arrlirornrm and b,v

iieding thes. lorrlspeakcrs rith .le.troii'allr d'-

lc1. , l  mu- i r in - ' r " l ,  I r \  d '  rurrnlro\ '  rhPr i l " t r r i r '

olthe au(titoiun. This has bceD dotrc both li'r"liv'"

music a) and for thc rtproductnrr of recordcd nusic

(st . reo r . terberat ion). l 'he conloscr nght g( '  a step

IlLrther aloDg Lhesc lireB l-rr rot orh arraogmg lor

ilif.r.nt I'arts of []re o\crall lonal patrnn ol his

soore to rca.h Lhe list.Irers fr(trn difidcnt (li"ctions

lril distancts - a gcneralization rD thc irlr: of Ihe

: , .  , . .  R. \  cr , , . , ] .n \ 'un nJ ' .u '  
l f r " .  

"  
.nr" i ' . .4

rx-  l ' '  n, , .  r ' .  l l ' r '  r ' l  F '  17.  l  _--  o: : ln

R \ oanenLcn. Stcrm rc\.rbcnrion. Philips roc[ In\"

17. :r58-:66. l'r55rs6.

tNml, , i lcr  behind th.  { ings ;n "Fnlc[o" but br

also giling th.se parls a diflirrent s|atial 
'hrru'Ler'

1l is possiblc in this $'.r l(, Pmdu.e rll transitions

bet\re.r the cl,iar an(l drv dircctiorral sounrl ol a

trx pet irL Lhe op+r air and thr: diilusr:, non_rlirec-

Lional so,Lnd of cLoral nusic in a .hurch. Somethnrg

of rhc kind {as in l.t.t (lon. in tLc perL'rmrd"s

ol "Cain and -tbel'' at Th. Hagu. and Hanrorer'

El:ctronic rcproductnn ofir'rs another possibilitv

of the utmosl practi.rl im|.rtancc: in r}e el'c_

lroni ' . in ' , i r - ' , f  l l , . . l1 'Jrarrr_.  l l ' "  m'r ' i  " r  i r_

comt,orent lnLnd sig,LaLs - is arailahle i r i"rm

h $l l ich i rs strenglh (roLrne) c l r  bt  cdnrrrnlrd

l , \  r l ' ,  ,  \ r r"L, l \  - i rn1, l .  " r1". l i - r r t  
,  i  t r r r r r inr  r

pot.dt iomet, i r  knob lo lun|  contn)1,  . r r l  \ ! i rh iL

r l , ,  rn i \ ;nS ' , l  , l iR,r"r , l  I r r l 'u l  '  
lon' l  l i r r ' rn i r '

anv rlr,"ircd proport ns, is a l,'ng-c5trl'lishcd prac'

t id in bro!( lcast ing sr t rdn,s.  In rhc ear lv t lars oI

broadc.sr ing th. f .  ras jndeed s 'ne concern i l  tht

altisri,i $orl{l about th. Po\r.r ci\'.n to rh' man

!t the mi\ing desk to alt|r the llalancc of a l)r"e
of mrsie. lf tb. ni\nrg cngnr.icr h.s had I goo(l

musical trailiig thtr. neen L. no lirar thrr he $ill

nisusc his p0*ers, brLt from .onc{irr about a }}ssihle
misu$ il is onh a smrll stel Io re.lize tbrr in thri

h.t.ls of th. comPos.r rhlrs. porrlrs can be turncd

lo Nef l l  ! . .ornl .  \ \ i th Ihe 
'o lume 

c(Dtol  h '  c ' r r

intrrLte drnarnic 6gurc( in notes r)r  coml in ' t i (nrs

o{ notes {}l.. thjs would other$isc br irnpossiblr:,

rs for  cranpl  nr  a, l , l ing Pirno chor l  l l l  Bl 'a

rapj.l turlcm.Dt oi the r('lumo drntrol h' 
'rn

,lclri1.r a note stnt.k on a Perussron rrstnn'[ or

its "rtr.r.k", and in so ttoing gir e a lianolbrte l'lF-

sagr: ,  for  t ranple.  i  quir .  unir l t re ch{racter 12l

llloreov.r, ther. is no{ no longer ! lired r'lation

iretlt.n timlrrc an,l intensil,v, as $as hillerro re

olse $ith anv itstNm(itrts: I \thisl''red I'assagc
of r song can br made to soutril .bo\'. an or'he'rtrar

tutli, althougl it 'dill ret.irs its '\ Iislri'crl rltar-

I[ the bal]tr. music "Cain rrtl lbrt" repeateil rrsrr

is made of a dyrarnic ligrrc in wLich the sounrt ir-

tcnsitv is gi\ en a bell'shaped l diatir)d in rde- 
' '

i r  -$.11. r . t , , lh an, l  , ,nn, , '1, . ' r " l \  ' l iP-.r \ ' ' \  i !J i t r '

1 | | is  6gur" i -  pru, l , r ' "J l , r  c '  
|  |  '  ' l  I  |  |  J  |  |  '  I  |  |  \  \  Jr \  i IJ-

the ro},me $j lh a devi .c ref i r r fed to as .1r t re galc,

t},, .ir.uit ol $'hich is gi1.n in lt. 2: rh' duratiorr

of the bcll-shaped lariition it prorLnces can br

selrc l .d nr f1.  stel , !

The l.ctron;. lleattunt tnn tuas|ntnatioiof !'dns

W. l,a\e s,ien th.l i0 elrcLronic lltorlucrion thrr

soutrd is at. hand id a fonn nr lhi.h it 
'an 

e$'lr

bc eontrol lcd in \ . lumt.  Whtr  Lhe sourd i !  r r lpro-

I
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ducc.l \ia thc medirm of mlgnetic irl., an 
'rcn

pireater mcrsurc oI .ontr(n is lossible. Originall,r

intendcd as a mcans ol record;rg speecl and nusic"

lir pla]'back as and when rcquired, nagnetic taPe

I'roridcs the cordtr.tor or.omtoscr $'itb renrark-

able possihilities: thr:,.r noa hr\. the uusic literallv

ar. han,l f.om seoond to sccoDrl atrd c.n do aith

it !+atc\er tb,i,v \Ljsh. I good illustation and

on" rhar i - , '1 ,or ' i , l . .abl"  I r ' ' , t i ' r l  i rn l 'nf lJrr 'P '  i -

rh abiljtr to clrt ('(t of the t.l{i an un'rtr.ces'rrd

passagc of a recorded vorL arrl to inserr' in its ltace
a bcrter executed renion. In reccnr vears this

.+\a I

Cl

-.-=G\- l :
i= i l  +25av I

q
uLl! ,

s>
+ +174V . . .a.

Fi! .2.  Basic c i l .u i t  d iagrnn ol l le--ronc sat.  \s ignal 'es
.'i ,li.-rti.s Fnt,se or ..nranr anrlirtrde (:o.sr.nt !,urd

",  ' , - i r . ' i . " l { l i rd ' "  
h 

" furol i l r ' l "p" l l  
,n 'n r ' '  ' i 'h

r , ,L""  r r  c, , t  B.  L h" , ,  - i  ion o,  . \ i r ,  |  \ .  .  . r , . \ .n.  r r r  r . 'h -
ue bias:d lelo{ ortn,0 bi a toltssc of .!our 901' on the

srid lrd no ligul ar'lears at the outNt. $her.\'itch S i''
throln orm, ihc gr bias. rrl)i.ll! .t nFL soes morc ronlrc
ard ris.r rl'owe cnt-olt rotcrrid. {h.rcul,or l.lep.ndnlg upon
r\" . \ , re",g" l  -nr . r { - '  'n 

r  r ' r '  rL lc i i ' r '  ot \
I 'ur i rc I '  r i  r  

'  
.  r l .  , ' ,  t ,  F.  r  cr  

' ,  
r . " .  r  on"dl l \  I 'an / ' '

r "" . . r t - rn\  l . ' .  fud'  \ ' i .h i  ' l
z" 'o.  -o 'hdr 

r 'p inr ' - r  -  s ' r l  '  -  ar  r l .  u lLr  -  
rL i r_

rx,Dl i l rd", , , "dul , r . , l  i '  l , " .drF n,s l - l l .  |  . " inr l , ' r  r l ' i .
Lon; rnl.€ (i.e. thc durdon of rh. ht or fotc) .8r Le r.g'
.l't.d in d.T stcls br sNir,,Lnu ot.r to oiher raluca or
.a. , r  nor-  ,  ,  , ' , .1 , .  \ l i . r r r '  

' i ' , r |  - i  I  l '  ro 
' r_ 

n"s" J

1"- ' r  o-  , " i .  
"up" i  

r \ '  i  i r "  -  l ' -  l 'J  b? . ' \  
' r l  'J ' \' . i ,  r i , , , l . - .  

'o '  
.hnr r  r  

'e 
. . in.  f -  { - - -  n h.  T '  eJ.-J.

practi.e (e,lifiIg) hns brouFht alrout a ..rit,hle

revoluttutr in the grlnx,phone rtoorl industr,v ;).

But Lhe compo,..r.an also trploit the ran: proce_

dure in o er to clial. De\t musical sounrL: for

inslnnce" lith .ach note of a I'cr.uFsion inslrumcnt

hc.an r fn( ' \ .  the piec, i  o l  rape on thich lhe at tack

is reoonlcd. therrb,y trroducing an r:flict vhiol,

thorgh of  tho sanl .  nat lue !s lhat  desc bf , l i r the

last parrgrlth. is rrr ,luit. difertnr [3] ,\ ver,Y

striking transfonraLion is obr.dr.d bv pla"'irg a

I,ie.e oft.t),i dt a spee,l ,l;liirr.nt from rlf rrd,rdnrg

:) Scc c.s.J-L. Oons. lhe re.ordnlg ndrnnlRdon of sraD' .rho; tucord., l'hilips re.h, ll.r' l?. 101_10s. 105;r5r'

PHII , IPS TECII ] ! ICAI,  RT]\  IE\ \ ' \OI, ITI t

spetl [1].'r'he pir.ch, of couse, cLanges lroPortn'I'
atel-r , l )ut . t  th.  samc I i lne ar urmual t rmal patLen t '

produceil ('{ing t,, Lhe fact that the relatil.i strengrh

ol all harmonic: renains elactl] the same, $In h i'

not g.nerall] the casc $htr pla;ing differtrL not''

on an i rsLrumenl. . : \ccel . rat ing thc tape l lso nrLr '

it possible to flay t\tremel,v last runs nith a per-

leclitD thal. is quilc bevo l the tcach of a n'sh an l

blood irF.nmrintalist. Contnuousl-v ur!iDg th'

tapr: speerl rcsults a glissrndo $]Lich" \'hcD af-

tn jed for . rampl.  to nol .s l ) larNl  on a l ) ian' io ' l i

froduces a m('st remarkable cIlect L;1. (This rr'

done l,--! nsitrg a tat. rccorder $ith a rariable fr-

quency power suppty for the m('tor') Th. tape 
'arl

atso lr pla,vcrl in r.\'.$e: 1kc Dotos 01 a pi^rotbri'

trssage lLcn s\r.ll op snc.essiv.ly, each cnding Ir

the "rrta.h' [61. Itror'Irer Pos3i]ilit"'i tirh magtrenl

recording is to conscNe th. sound lor a lcry sho't

rime ot, for erample. a rotating magn.ri. \'h"l'

the sound l).ing t.kut from Lhc $hci:l Lv a nnxrlier

of playback hcads and arlded in \rdablt intensit'

k thr signal b.ins rcc,,rded or reproduccrl (7fu. 3al'

In this rdy a ncrber.li(,n li-l is intrcrlnced, or

the sate p$,cide as the melhod of sterco ft\'r-

beration tfrPlo,te,l for imF.\ing thc acotrsti's oi'

ai audir.orium a). If the signal lakcn uP bv a Pla\-
hack hearl is Jid back to the r.coding hcad $ilh i

lrngc ltay and greater l.,oP sain (fig. 3r). th''

result is a sound sonethirg like Ih. famjliar "motor'

Iroar.iqt" ot an oBcillator [8]
lllagnrl.ic tape is undoubt.dl)'tht host imPorrant

aid to llle cr.ation of Electroric }lusic' nr'l onl\

because of r.he widt scoPe it oiltrs for r'h. transfor-

mation oI soun(ls, but also becau6. it vas nrtlr

rb i -  m. ' l ium l l 'a l  i l  hr l  bc. .m, t , ' 's ib l"  to rgi_t  '

inilnidual sounds, to transform them and then tn

t,ut th.m togtl.lrer to form a uniiicil $hole

othtr words, to "comlose" rhem in the rn$icll

sense. We shall t,iturD Preiinrlv to this lmcedurr
of conpositior and djscrss its corscquen.cs liom

the artistic t,oiDt of vie{"

lfhe nanipulatnn of magnetic tape is not t}"

only methorl oI transfotnirg sounds. An oh\n,o'

in.tho,l is to u*i .lcctdcal n.|{a,rks, $ith lthjch

rarjable linear r{ictotions can be e$ectcd ("shapnrg

of the frer|renc,v characteristic) { sPecial cas. jn

y)lnt at( .l.ctri.al Jilt.rs vith pas-.bands eharacter'

ized bv sharp ('r gradual (jlrr-olt, beyon.l $hi.h th'l

sound is alrcndate,l ot cren suppnsscd l9l. Ry tlti'

IncJn- a pcrr i f , , lar  of  f r ,1u' t l i '

in cach not. can be gir cn a domnutrt significdnt?

(fteatiotr .i fbrnanlj).

l\lother sourrl-lransforming .lerice vhieh rra-

also used th.  t roduct ior  o i  "Cain anr l  -Abel
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]s tlt noduletot" in the fo.m familiar lor exampl:,

i t  car er-rcare teJephory 'G) This modalat( ' r  has

l \o 
- t ' , i \ . ' lpnI  t : , i r ' , ' l  inP,, I  l .dnir ' i l ' :  r l  l \o m'r ' i -

ral tones arr: applied to these termirals, both lrtr.3

. 'ptF.r  J l  lbp o, , l t ' , ,1 luF"rh,  r  . i lh l l l  l l . i r  ' "m_
binar.ion tones (irrtermo,lulaLion produ.ts) Of th(is.

th. difierercc rone (LeaL fiequdrcl) is tI. m.n

proninrtr .  l f the ot .  inPut s igml is a Dusi . i l  c}orr l

an(l LIr. oth.r a purel,v sinusonlal \jl,r.tio[. the

chord rdll appear at rhc outl,ul a..omlui.d b,Y a

kinrl ol shador chord whid, is a consrart tieq!.n.\'

ro(r [10].

Ele ci r ii. s o u tul - sou t !: P s

B) 1.h. nanipul.tnD oI nagn,,lic tape quitc n.\t

"$trnds" (or rurhcr. \'ibrati($) are Pro,lt,.cd ahic}

.an Lc nrd.  ar  ib l  r ia a loudstcake! rh( iv rre

,i{l..ti\elr "orignral" sourds although rhc\' $.r.

nerer fickf,l ,Lf b\' ! n,icroPhonf. Orce rie art

fauilirr $ith this i,l.!. it ,qrn heconer o}rions

t l ,ar  $p . in l i -1"n3" . , , l i r . l \  " i rh 
l l ' .  t r in,  ' r .

Bolrnd tlar ,,an be pickcil up b1 a nicophonr and.

insr.ad. applr dir.ctl,-! to Lhc louilspcrker suoh

r i l i rat i r r rs as can be l , roduced br rar ious el |crron' .

deaic,s. A numb,r of electolic sound--.ourccs verc

used in the contosition ol "Cain anrl \bel", unr

of vhic} harc lorg btcn knorin ard w cl,r nsed.

.lrLough chiefl,! n,r other l,ury,oses

h thn F.nse ile Hamnnnxl organ and tn,dred in'r'-ncnh

rrc al,"o clc.lrori,: sounda,nnl,e\ and r!. .om!o'.r of 'Iilec_

tronic vnsnj cotrld. it Le tGncrl. nse rhon jr* rs Ncll ss

..nrcnrnnal nsical nNhnxte. rr. \\ h,r leeknrg n,r rdn tonrl

l,ossiLilirics. (itl tlle ajd (in&r dl;') oi nntul ti.'sn'xLationt.

thcr. is lirrle loinr. Lo\e\.r. in starLiig (ith a rndrcr nrtrx'aLe

nrstrumcrt or $tdch a grdat dcal ol ellbrt has rlre.di h.er

spent rili ll,e obic.t agrir n,! .lfl1ronic rnrar. of lro_

.lD{:nlg .r imitltnLg .crrain rnrbrcs ol nusic.l sonnd\ 'lI '

sound n,lriidr \rhnh to har. bed .rc tl..cfore of a nn're

rtelnentar,y nd l.s spd:i.lizcil nsture

lrom rhr: physical toint of vie$' th. simPlest

f lectro, , i r  ' 'unJ-- ' , ' r . " .on- 
iVbl"  i -  t I .  ' ;np-,nrrp

generaror (conmonl,v krrmn as an audb signal

gerdator). A loudspcaker conrectell Io ir'h rn

applt!tus deli\.rs an rtntost lDrelJ sjnnsoidal

sourd pre,"sure. that is to sa! a tone t'.acticallY
deronl ofharmonios, wLich sLrikes the.ar as 6bang.

anr l  ethereal  [ r r l .  Th. l , i t .L of  Lhc tone can be

coDtinuousl) ra ed lr) snnPl'\. r,Lmnrg tl. trequen-

.v col|lol hnoL. By thi! method glisFandi [l2l
car be pro,tuc.d at (ill, but its Pseatest liltue is

that it ofl.rs a simt,l. means r,l obtaining Iith grear

Jr i ' , r . ' i )  n i i r ' -  " i 'h '  
r r inrr '  i ' r r .^ .1- .  i '  au\

dcsircrl scalc. One can therefor. deliberlLelt deFrt

lion the nano$ taths of the con\.ntioDal .qual

rrmf.ramFnr -ral . .  shi  l  ' l i \n l . '  rbP o.r ' ' \ '  i t ' r "

t$'el'e.,tual interrals. In "(lairr and Abcl" rcpr:arcd

usr:  is  nade of  " lure '  (harmonic) i r t .Nals,  Ihat  is  ro

sar inter\ als exacllv .qtral to the wholFrnrnberctL

frequ.nc\ ratios oi the harmonic sfti.s. \ltl.ugh

sornc of thcsc irterrals. userl n.lodi.allv. sounrl

sone\Lhal. unNual. l.lret.rr s.on aco.pl.d brr lhe

ear as ' 'good. \ 'e merr i ( ,n sp.c ia l lv thf  usc of

inLrrvals $irh ratios ir which tlre nurnb.rs ? anrt

l1 apy ar, $hich hr\. no ((nmterlrrr' irr Eurol.an

nrsir:: ther trarc hithoLo berl rciecttr sinct:.

rlrltough thf\ blend l,tlictlrina chord rn harrnoni-

.a l l r  t rn( l  Dotes" t l , .a are nmng\ d;sson.nt  $ i th

@-p

b

liic. lJ. .!n.ns.mcnG for ntodu. g relerbcrutton (dl 8rd
.-,,e*lre fccdi,aa< (D). ,E sound n,urce (tlri\ rLdI bc ar dx!
rlner if the 6oundio;rce is nnt electronirnse[): r]rnLagnetic

iape o. .'Uc  thc rcn r o{ tlt€ h.ahncxr i! rcsi'tered !1'

dr  -Ure. ; r i l  i -  
' l .o ' . - -  ' "oL' \  ' -d 'u insl .JnAo'  

3 
" ,g_

,  "  r  i  .  l  i  \  : r  ar"  Ln. l  l  l  r  i  
"  '  

,  o l  3 1,  
"r ' "  

r l ,  - ' r ' i , i -  ,JA
dre sja;al ox this ls,yd G rh& Pickcd Dp $rcccssi*]t t-r a
runrbcr ol nlai*,cL l.a& lr_Ai. .ittrrrdd at Ilogr.srdl
in.reasnE diiia;.6 lr.m t. I l;si sigml conl,oxenrs, dclarcd
h,v 30 dn to 180 Dillise.ond!. ald thich !r rot scl,u[el1
,li.rn,""iJr"Lle btrt toeethcr .rerle tfc irpres'ioD of rct'r-
I , r .ar i "  .  

"p 
.d,  

" i  l i  r l .  '  's in. l  '  s  i l .  In K l "  s '  '  t l
r . \ , r l t ' r . r i . '  Lue. n ,"  lud;  r  rhJ lEn 

' , , ' l l i -  
o ' l '  J 'P

' -  
,1. ,1:  ro - \  ' i l  u- inA J . - r \  13 s.  

"un'L ' '  
I  l r ' rd '  f "  r r '_

!" ' rpor,  rh".Fr. .  n Lc, l  r  L\  I 'P 5 ' r  p lx\1""1 l ' -d r

, - r r . .  
'  

b, . .  r "  
' . i 'or '  

i .e 
"" ,4 

/  I  ! . ! i '  n1ron6 \ '

- - ' l r '  
. i '  . i \  r '  

'Lcr.amlorFnr. \ i  
I '  d" ldt 'u l ' ro "6n o '_

nnl,'*J ba six no.c .'eri.."'L.. comnoxerrr nith deli]'r
uD to 510;&c. and 50 on.
,i A fcedr,ack loop it f.ued on the m.gr'tni r'pc nsell
, , . rs. . i  "1. ' \ l 's . .  

,a l / r  
" r , l  

, - ' {d i  r  \ '  
'J  

i \ '  \ ' i r l  
'

.1. . , f  r im. ;  1L .0-r  lut  n ' - . .  J I  in Jr ' r ' ' -  i ' ln \  l  ' rc ' r
lodr'rain (0.(r to 0.98: ): tu tLis crsc rle fed_nack 'ien'l 'an
l ,e ic i 'd.er, fuatar- 'a:or"dsrnthol ikethe lnoior.Doat ing'

NiLL |hc r.lerD.rainn crp\'re.t in (a) dnc nrdlrcF
' , - , -  -  'o 

. ' ' " ' .h.  .  
' . .  

h " ' .  ' l l  
f " .  A 

' '  
pon

ol  .ont l r ' I  n,r , , ' t t . . - 'o '  
' ! 'J  '  

rL" l i ' r l ' ' l

i) See .,g, L ,\. dc Cnrt and P .l,
Iof carrier relcphoD). l'hi ilrs tc.h,

dcn !IMn. loduldt.rs



Prf l r , lPs l l tuHNttAl ,  r t  F, \  rFiv

crr l l i , ,  ,hr . ( is  j t r  th,  r ! ,L i l  remlrcurnert  scalc (c.g. tht

s( i \urrh).  (For th is readon r  l , i .nofort .  is  , l fs ignf , l

so as to $, l , I r rus rs ILrr  as l ,ossi l , t r :  thc ' t l is ionant ' "
n\  rdr l r  hrnni i .  of the funi lamental  of  each,. t r ing.)

' lo achiole l , r rn, ,n i .  runi ,Lg as.  i r tLcetL.  ior

mdrv( ' rh.r tur t , ,s.s of  . l r .c l iDg rcnadeusr:  of
a.arhodr-ra,r iosci l loscope. l . }arDronir  intrnal  pnr-
J, . - .  un rh,  , , . ,  i l l  ' .  "1" - ,  ra,  . ,  t \ t ,  r l  , t . r i4nJf \

I i r .  1.  I lc . .n, t )o{r  l l , tnrg r  nmltn i l ) r r ! ) r .

Lnsaious f igurc.  lh is D! thod does a*ay s ' i th al l

r i r ,  , , , r ' , , , . , r i ,  r '  l i ih ulr ' " -  r l ' . r r  ' ' r i . ,  , l  r , '  i , ' - r , , r -

l reDtal ist  is  ask.( l  r , )  I 'kv. l , )  .ar .  unusual  i r t . r ra l i

$'ith thf t.r,lit.idral continuouslr tunablc $u,,,1-
so, , ( rs ( the s i rg in.s- \o ic, i ,  v i ( '1 jn. , i t r . ) .

l l ' .  A ' , r ' r '  r t  r r r  ' ,1 t l r  ' in ' -" , ' ' .  J . r"  r . ' rut  i -

rnoth,  r  f tm; l i { r  f le. t roni .  d6 ice.  vhich is $i , l , , l t

uscr l .  l i r  r rample,  in cou,tr . r  c i rcuirs rht :  tn l t i -

.irraror. Thi6 prorlrrrr:s a iorrrl s li.tr .oDtains all

harmorr i rs ol  Lhr:  Iuni lamental  xP to tho c! ,1 i , )  l in i r  -
r l , .  - ' ,n,  - - , \ ,  h. ' , ,n, ," i ,  -  l i l l l  , i rF In inr ' , ' - i r \

accorr l i lg to srmt s lot l l  rarv g l i rnct ion.  (Tht

f fs, , l lnrg s ignal .  r 'h ich nav ht t  a s( t , rarc or r

sd$ tooth 1r.1efonn: qn ak, ,  oI  coursc,  |e nodi f ied

lil l.sling 
jr rh.,,uglr arr elect .al 61fur or shaper

cir . , , i r . )  ' Iso version,.  of  th is so!n(L-s, ,ur .c $er.

used t le composiLion of  "Cain ard , \bel" .  The

t i rsr .  nhntr  l tas l ,eer gi(n the n.n( i  hrr i t .nr
(k\ i . r " .  sdt l l ies a s igrrr l  har ing { , ,  r lnost  squ.r .

rareforn,  the fu,r l rmdrt i l  o l  shi .h c l r ,  l ) ' r  rd-

J ' . r ' ' l  " '  I i " l '  l "  . '  . r f l ' -  ! l  r i -  r r"  r r '1t"  r" , ' -

Lr  mrus oI  t )ush-bur.r(ns L13l .  \ j th tht  s, t ,D,:

i rstrunrnt  thr :  I , i l . lL of  t l te fnndam,r la l  .an l : '

rar i ( l  . , 'Lt iduo$1r (naking gl i$ardi  possiblei :  i , ,

lh.  lo$ register t } .  r ibraLion approachos a squaF

s.areforn. l,uL in th. high rtigisr.. it gri.ttrall\

. ! { rm.s a saf tooth form l l1 l .
. \  fhotogr. l ,h ud lhc . i rcui t , l iagran

nrrltivibrator car ht seen fi JiE. I A 5.

In,r  rar ious parts of  "( l in and ibel"  use sa-

also nade o{ t  noisp gt \Na1or.  As a srnnrL-soul '

lh, . , l , \ ,c  d i l l .F arom r l l  ' l l " r  Lrr , ' *n -nt tn ' -  i t

rhnl  l l r .3ouDd j t  l ) roduc.s has a.ont inuous mir .a,r
( ' f  a hrc s l , fc l r { , ,n.  \ ( ' jse hat i r rg.  constul  , rug\

, l i i r r iburnn o!cr  the enr i rc st , !  r . run of  ao,1ihl ,

l .c . lu.ncies ( ' * } i r , i  n( ' isc")  is  mui ical l r i  nol  t , r . r f
dr lar l r .  in l . , in s l . i rg s i t t . .  thtrr  is  nothing rhrr  .3n

1,,  \  ar i ( l l . \ r t ) t  i ts  i ' r t fnsi l .v:  n. '  ( i rLhcl .ss.  n i th i | ,

a i r l  of  6 l t r : rs,  i t  is  possiblr :  to imtore on th,  n,) i . ,

a som.el ' r l .  ragur:  nnpression , '1 I , i1c1,.  L)  ( lo th i -

$, , .n l loLed l i l t rs passnrg r  l ic , lu.n.v b.n, t  ( ' l

ont  or  sereral  , ( rn\ .s [15] ,  or  a th i rd [ ]o l ,  r l tc '

l ' . ' r ' l -  I , i , , i  ' r1 ' r l '1"  " l  Jr-1n." ,m, ' r  i , ,  . . r r i i  
'

In th.  . l , ic t rut i .  ! ,dd+oufc.s ment ionc, l  a l ,o\  f .

lh.  l r .quen. ie i  of  thc r ibnrnrs,  $ iLh al l  th. i r

.orrponents.  ar |  r l r t r r rn i r r r l  l , \  f1. . l r ; .d/  . lenfnt . .

ln anothIr .  r r rh.r  1r \ddt l ,  groutr  of  e l f f r roDif
sorud-rourres thc l ie i1 l .nci .s ( l , i rc l ,  atrd ton,

colour)  r re r l l t r rmnrrr l  l , )  np. l . ln; .d/  nx 'a, , t .  n l '

though l l , i  \ ibral jons only be.omr acouslnrath
. l l icr i \e througl !  the nHl ium o1 a l , r r r ls l ,cakrr .

lo t l i is  group belongtwoknr ls( ' l  . l . . r ronic drnm'

rn, l  oL i l f , i rn)di , i  , ,h\nrh.rd""  rh ich rr l r r :  r r . t r l

li'r "( ri! aDit -Urel". Ttre 6rst ,lruu vrs fss.ndall\

iust  a larg.  condrns, , r  micr i , I f tDi .  rhc \ ibrat i , ' r -

02a) lJ76A)
r is.  5.  l i ra i t  d i .g, .nr  o l ' i  mnhn. i l , ,en'  $ i r l  .oninn!, t r - r .
\J . ,1,  r r . - .  Tl"  t , r , l ,  '  -  

r '  l ln l  1t ' r . ' r , { "1
P,r rlorc .lidnrs rrnr is n\fd n, x qLeel r .orn [d ft r .
. r . rau. , , l l .  r \  

' . " "d"r ' ' r .  
r l -  "h lL ' .  n.  -

.  l ' t ,  .1, , ' I  - , l  , l ' l ' . r - l  i " , " r , .  r , ""  r  io," .  I
mol i fF :  rutnl !  ! ,  r r i l  l io l  r . r r r . l r ih to.r f  b. I ) rxn, . !  l
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i) .1. !, S,,Louttr. Sr-ndretic nnnd. I'hilips rcrh llN 't'
t6 i - r  i3-  1939.

th i !  (1. \ i .e t } , ,  t r iLch is d.rcrDr inei l  rnt ichanical l r ,

r ldrel-v br rLc speed ol  !  ootorr l . jvr !  d isc,  brr l

Lhe tonr i  .o lou is t .oduced by ot) t ic . l  nr . rn i .  a

t . ' r r . ru. , r l  o, , r  In. '  -1,-rr  " l  t iprr  L r ' r i  ' "  , "__i-

lelv scann.iL b) slits rhe ftlof ing (lisc lh.eil
iD r bcam of ligLt, aDd thf I ight-vari! I n 

'rs 
io pr'!

ducet l  benrg c,Dverted idro elecrr ical  rar iat i t r ts

b{ a rhoLo-electr ic c l l  ( ls .  B).  "Torrr :&lour

m,lo.lics" creat,tl $ith this ilFtrum.rl !r. to b.

L.ard jn s. \ . ra l  parts ot  "{ ianr rr{ l  lb. l "  f r9 l

I ig,  6.  1Le clc, tn i  ch' i rh.r t .

lieing producrtl by taps or drum folls on tht rlir-

t)hragm. TLc recond .onsisted ol r steel shlr {hose

ribrations (et l,icked ut, rt a sPeci{ic lositiorr b,-v

a piczo-r:rvstal; aceordnrg to the Parl strtr.L and th.

rnanner ol dampnrg the rjL,ratioDs, a coisiderablr

r ariet,r ol sounrls coull l,.i Producf,l [l?1. l\ phoLc

qral'h of thc "electronic clavicLord" Ir8] is shovr

i Jig. i ffii a tlesffiptiori ol Lhe deljcc is giri'r irL

rhe c!t,tion to/.g.7. vb irj}l shows th|.ircuit rliagram

Tl, .  last  r , '  be mfni ionel l  of  our rangc of  e lec-

rronic sonnd-sourccs is r l,anicularl! remark!l)1.

iNtruncnt vhich w call an oltical sircnl). ln

I.is. i. -qclremaric rclrcm'r{ion ol r1,. tlechonic lfurn'hord
TIe raftll.l sn,nlc(nr Soldi! nNtnxtenr.rc n*dt tu \inrrr.
i r  i l ie sanc w.r  $n'  r rorm. l . l3!ntDrd. i  . ,  l i t1,he)_op.rai
ed rinEcnh (,i ? are rlc kc-ts rnd d thcir I'i\os) $hnr[.
r r  cr  l - " ,u."1, l . . ' l .n e"r  
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Th€ composiDg and t.p€rfbrmance,! of cl€crronic

Outiradl). the most srriking differencc befirccn
an "clectronic" and a taditional composition is
r} i r  r l ' ,  lLrm.r  iJnnor L" pprtbrm"d br mu. i r run.
nr the pr.s.nce of the public. The process of trans-
forming sounds, for exrmple by cutting and sflicing,
r"rrrdir ru.  r r ,et . r r r in; : , , r  r"rer, i r rg magn,.r i .  t r l ,c .
exdudes thi6 possitility at once aD.l teads to quit.
a dillirent procedure. The composite sounds whicl
thc corrloFcr indicates aL a gir.n momcnt in his
s.orc - tbr exanpl.,, a nclodl from ttrc signal
generato.! an accompan)nrg pianofod. figurc, on
$lich is to be superintosed rhlhmical figures
from tho clavichod virh accenrirg b) an el€chonic
drnm - rrc eachl,roduced srparatctyby.t musicaltl
tmined enginrcr ard translirrmed on insuucnons
given b)- the conposer. The result is a numb.r of
"acdustic lalers" (in this irstanc. four), cacL r-
corded on a s.parat. magneric tape [20]. Tnniry
cortrol by means of fixed frequencies, and accuraro
tim. rdeasurement dr6ure that th€ acoustic layers
ai. propdl}' nstched . d s.inchronize..l (in rhc
.omn,^ir ion of  - fa in noJ \bpl  1h" rubi , ,g ha-
checked n;th tLc aid, xmong other things, ot a set
of elcet callv drivon tunn,g forks a.hich producc
tones lrom .' to .). The taycn ar. ther pur ro-
g.ther in the cor.ect d)namjc relationship either
all at once or, if p..fened, one b)- one [2r], uDlit
it last a siryle magncric tap. is obtaitred on a.hich
the entire $ork is ftcorded. Thk !!pe is now rearly
to be pla).ed to the l!$lic.

A frequcntly heard 
'risconcoption 

i,r thsr this
I'rocedure nust lcad to a;gid, mechanical ronal
pattcrD h {hich therc is nd room l.It for artFtlc
interpretation. It cannor be doried lhat dlect
contact betwccn peifomer and auaiencc is lost
o\ring to thc prioi pedormance of rhe work ald its
rcproduction via tuagneti. tape, althougL the same
ag)lie6 10 broadcast music arrt to nrusic plavect orL
granophon. recorils. lt is also rrue thar, in th. casc
of "Ca;r an.l .,l"bet", for rxamplc, the aork {as
largilv perforDcd for d'e firsr rime by the {urposrr
Liusetf - partlv l,.causc therc are as r'et so few
DuliciaDs {ho crn "pl{y,, el.ctrcnic apparltus, anrt
parlly be.4use tL,, act of conl,osiDg jn tlli6 ner.
r.aln of Dusic soretimes runs paratl.l vith the
a.t ofpcrfornarce ). \e'errhetessj rhere is cerlrr!
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ly nDm fd interpErative re.crcationj as testiti.(l
blr the fact alono that rhc compos.rs of El:otronn,
INic do not idenrib- thei nork vith a magrrtic
tape liut set dorn thc rnusical thought they aisl,
to express in the notation of a s.or. (fs. 9), e,or
though, in doing so, the]" must neccssaritv usr
InJ ' r )  nns - iSn..  u l r"D;n\cnr ing r t r , .m rb. ,ns"t \p- .
lho scope for intcrpretatire re-cr.atior {I,I,ears
in thc fact that jn making as rett as in putting
logether the acoustic lay.rs indicared in tho score
there are jrnumerable detaits, for crample rhe
questn'n of relnrile soLdd intensiries, thsr must lr
dccided by musical feeling. TLis has aheady been
madc plair by th€ r$ults of making ,e$ions oi
rhe radiophonic opera ,,Orcstes,,itr orher larguages:
thc individual pe brmances (h Dutch, cernar an(l
EDglish) rereal very stiking diilcrences ofitrterpr.-
tal-ion in the eleclronic sou s, atthough in none ot
theDl rere thc composcr,s intenrionB misrepresenrcd.

The composer of Electroric llusic need scarceh
uRff  u j  usr i6.r l  ion or hi-  \  ork.  From rb.  l^ \ .  hoto. j .
i . . ,1 poinl  o l  \ i . rv bp can r"sJnt t r t  c\p.r iD", , , -
in this uncxplored teritory as sharing in thar
passioD for ilnovation and devclopment which.
as ve rehrrked ar the bcgindng, is ch.racrcrisric
of\t cstem civilization. He catr suppty rheir musical
Drur i \F l , t  poinr ing ro t l , .  .barm or thp fu, . inal in, l
of thc ner* sounds, nnd ir particular:

th. timbrcs with rheir ch ,.datioh;
the harmonic tuningi
r}"  $ id,  

" .otF i ' ,  rLp d)nimi.c , , t  rhr  DU-i , . :
tLc tempi and thc bdliance of thc figures, ro.

subject to human limitationsj
completc f.eedom to combine independent

rhlhms (a.hereby the mehical acccnts on tlit
average can cren eancel each other out, pro.
ducing a cu ous, hoverins novenont [22]).

Having, thercfore, rcgard ro lhe comnon defrnitn,r
ol  D' , ' , i ,  -  a-  rhr  art  . f  fon\  p)  ing art i - t i , .  , .mot ior  -
iiom nan to marr bt rL{. mediun of air ribr!.
tions - th.r0 can n.ver be n.y doubr in the mnrj
oftLe composd of electronic music about rlc righr
of his bra;r.cLild to exist. but he rust learc Lh.
decision to rhe list€nfl - oI roday or p.rtraps !r

axllannn,rr nor€s tu rlrc !.ousti.rl ilulrlrions
j  {sx, , , { r rL,rhd"r t_r . r t ,prr , , ,T$of, ,mrrosnqmiluakjDs Side 1ot t [e gramoplrom rc.or i l  4rcn. lod.o th isarr ,r t r ' ,uanefu'  r ipc r f  cJin sd, t l . , r "  \J\  con], l . tcal  , !nL. i ' r  crnmd.s of  nxtv idul  yrxts touclrc{1upon iD r : -nrr l ' r 'Lr 'nr  mrnrh.  Ix srncrJl .  ho\" \ , r .  r l ]e r

- .orp , .  J , . , , r r | r " , " . , .  . . , ,_J; i i i i , : 'J : , :  
, . \ . :  .or i ,  p\rnph , .  , , , , ,o,r  , , . -  |  r , \  i  x ,u,v-" . ,  q i  . , . .

J" l  nuvl ' l \ .npJlqqrei ' . 'n.  j "J a- Dr"\  - . ; , , . , . ._ " ' ' l  ' r 'J"h 
idP" i r i  4 i  r l r r ' \ r l . 'Jror\norc. .  l r " ' ,

rs, tdo4bmhe{rJ\ \ i t l ,Jnorct ,e! t rdarr . , l i r ioDalconcdd ngures [ . , ]  rder b4t ro rhe tcxr.  s ide 2 co,rant r  Nrcf i  . t i r .  :  _
Prece iir .olpsrntrp lnqit' trd .o,trrtc\irJ. ge.l trsiotr of th. t.llet nnsic ,.cdn an.l ]rbel..: jt {i_ !::
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