
+ 0 " + Jq. 0 ;..J + 0 + /-.I. ~ 0 + w 
;. 3 4- f) ~ ? 8 q /C> l ( 12. /3 14- Is- I' (7 -; i" 11 2..D :l..l 2.2. .2.3 '2-lf- '2..~ Z...6 'Z 7 7.% 

0 
~ 

'-I u 
...,.. ...,... 0 + 0 )!/- 1= 0 w + 

2.t:( 30 3/ 32.. 83 3lf 3S ~' ~ 7 3 ~ "3"? 40 .,PI -4- z_ +3 44 +s- ~' -4? "/-~ ~e; OlJ ~/ 62 s-.s 

~ 0 * ~ 
~ 

0 + w + u ..,... 0 0 + w 0 + 

64 s-~ 61 .£""7 s-a s-9 ~0 61 ~z.. i.:l 6 9- /, s:- 66 ~7 ae <61 ?tJ I) I 'l'Z. ?3 I"Jif IJ,S ?& 'II) ~8 ?~ ~ 

w 
&J 

0 l4- + 
0 + * + "-' ..;-.. o J.J 0 -;. 

s7 6'8 er 9t:J 91 97- 1 z ~~- "'~ ?& &!7 9S o/9 loo It:># /OZ.. i03 ./c4 /() s;-

g-1 t2 ~3 8f 6> B' 

1 &..i 
0 

/f)' 107 /08 /09 //() Ill f/ z.. 113 

* J,.J + 0 

JZ.. 7 I"Z. -9 IZ,'f }"SO 1.3) J3Z... /33 13cf 

1.1 ~ 
1/.f 'I IJ{- f> 19-' I s-o lSI ts-z.. 1s- 3 

Jf u 

+- ;..; 0 )f 0 +- L.l + 0 

,, 't /Is- Ill, j/7 //if> ,,, /2.0 IZI I:Z.Z.. I .L.S /Z.,.~ /~s- / z._ 6 

..,_ !:f. + D ~ 0 

13S" /l~ /~7 /39 131 /'f-0 /4-/ 1-f.l ltf:S 1~9-- IJ/-s- 1~, 

* u 
IS.-/f 

+ 0 + M c 
;s-.s- ,;.s-~ Is-, ts-s 1s-cr ~~~ tt-l 1t.-z... 1~ ~ ~~fl. 

0 + >t ~ ~ 
t7 3 1/<f- /7s- /7~ /77 !'7"8 179 l~o 181 18Z.. IB'S 

.>f. 

..,.. 0 + 
1'-5" '"' l'-7 It g 1'1 /70 171 /77_ 

-t- L.l 0 -+-- 6.J 0 
I e; ~ I, s- --1 ?6 /IJ '7 /ft, 199 Zco ?.J:> I ~o l.. Z.O ~ 2a¢.. 



S ''1 II 

fl.,. 

, ... 1 

+ 0 Jll .... ,. (o 

t ~ "3 + .> ~ 7 g i /() Jl f z.. /.l 

a;: ~ .._ 
-fl 4-z.. 43 .1/-4- ,f-.r -1, 

~( 2 
* ' 
f.J 

31 

.Jo 2./() 

I I 

--:;I ~-

z I <> 

It :--~-r-ro-7;410 

-r-'t' ------

7 -z. 2.. 1-1 __ _ 

I I .3 3 0 
{ '7..1 

~I 

'2,0 

3 I 

"L 

~ 
' 

~---

t l I ~~! t 3 ) 

/ q 1 
~ 

-;t. 

'1 - -I I ;"L." 

.J.. -s-o 

;!.-C--
{I : ,, s 

!'( 

~~ 

:' I' 

'~; 
II ---1/ 

J i I' 
/L 

1 1. 

16--,--
7 j JO~ 

' -5-1" 
,·t-

,..J_ 
7 JJ''L. 

7 "'L t1 ., 
,.~ 



~ 
L~J 

f -
~~ t-tvu_ MA~t _ ~ if'Lt f~~ -

q~ ,t1A.At~ i• - ,, ,, ~ + 

~ ~~ ., - " •' , . -



.-_ ...... ..rzJ1 

(38$1oK~) 



ov i 
{r 

1. 

iRd+ ·~ ~q~ 
\wv 22 l q (. ' f 

+ 

-• 

ouT 
rs 

? 



- - ~ -- - -- - - -

~~ ~~ ~ ~<ZV! ~~r -
----- -~- ~ _? T~~ -- ----- ---

-~--- Pi~ -- -- , -- ~~ - - -- - -- ( -- -- ---P41 :tw ~ QL _ -~- ~cui;: -1f~ +Aeen~ 
:4- ~4> r ·;r ~~-~ -~ ~kJ--rc~ -~ ____ ___,__ - - -- -- - -- --- - --- --- - - - -

- ~cl U1M ~--fuf -;{-~ ~j ~~_I 
--~~ tf'ec~(,C ~ , - -- -- - - - -- - - - -- --

'11 tnM//MM-1_ ~""tiM a ~ ~ .b ~ kd ~ 1-- , 

___ I t;t:drt;k ~ •*•~..- ~~ U d~ -~ ~iz,.ue'£""~ : --~ -__ 

-~~--~~~~-- ~[ ~~~~- ~~~~A~~~~~~~-~~- ~~~~4~~~~~~~~~t<~~~~~~-~~- e~~~- ~~~,~~~- ~~~c~--
• ~~~ ~ eH-1- ~----~ c.e-r=-r"T"rc.ACk 

~ ~4.- ~------fi;j .~ e•~rtr r~k: 
-- - F I G--.!i -

I 

-B .J_ ~ ~ ~ r ~ _tk ~.~ ~ '1f 
. - lclv-, 1 -;t£1fA il :£ flo ~k__ _kd 1 l:lt , ~) f)_ 
-· -------- I - - ~ f: I ::tfu_ tfW?Iut . ~1 
-:---- ~k ft tk !llw!) 1uJ ( 0 ~ I' ~~ ~ t --

Lkck--k eA :L... -- dAA.- ~2- I~ --~~ ·l c.k(tklc 
I . ~ 

j-0 r/4 ~~ ~ou;~8 ojttk ~Ft-~ A4Uifdd, 
_ _ 1 J M fu -~. ~ &M--fi-t I) 6 ;tk rr ko!G Po-

-- l ~u t-u - ci£- r 0-fiiU~ ~t~~_ '~- ifc-1u-tS 
____ ::f"k /'l!UIU(jqrM-~ 1 ~~ ~~, ~ /Ut.«ct, ,n- a4 

• ---=~-- r~ .~ ~ ;:_ t~~&:t!:' ~ ~u ~~~-



~ 1J., o.) F~AA Tfl. (tnitE:Il fEl ~/ll) 
fC(OM. $t(;I.JI\-L c;.v.;. 

fiJ l.s t. G"'wi.M-71> "
t>/L Jrff£l.Dfttft'r'- VDL7~{ sovacc 

0 f:{lf) M_ T(L · { f ,tr4~t<. /iJ- ~YI [[1 

_ J.) Fi11"' 'T !- , {:ikcrt.z~J!MEJ) 

l) .f t/JM- R 'LITh <.I'(. ill (jl /i1 

• • 

• 
-- •.-

' • . --

• 



--------4~7 J- C) 

I - t 
/ 

""'" -

~ /;o 
lo 

-- r 



-~--~- --

- . 
• ·• • -· ·~ • • • 



~ 

• 
I 

• -=--·----r- 1::.J1 ~ ~ !- ~ kA 14_~ ~~ -__---
__ I 7-~ . 7n s~ ~d~ ~~ ~ 

~-- I ~ ~~ -- - - - - ---

----- -

-~-----_-_- ~ ;-:L c ~ r ~ 
____ r Tk rx~ _ __ _ ___ _ 

-· - - l - - - -----
.. //'" I [{" ~k'f (J~ f _D, ( _ _ _ ~~ _ ;$c~~ 
~~~-~ [ -

• f z:, {J f f~ + 7 _(;.kfuw -~-~ ~-

-- ~ '7 ~~ 
I , 

'~ ,4-0):\ 
__ ·1 

• • -·--1, 
• -.- - --

~ ---

Cf, lldhr-

l 
1 

-------~-



~w -
_,-;:f 4~ fr ~ ~ ~ 

wk~ ~ ~ttu ~ ",_ ~ ~t k 

:!if -~ k ~ ~ ~-t; ~:eo~£.:a 
~vi;.;, ~t! ~ ~ rf 1 :lk ~j 
~u ~ ~~~ ~; II- u--ur~ 

• • 
• • • • • -· 

~~~ "6 ~ v0 ;;14f L~ ~ ~-Pja ~ : 
-1-- ' .. 

flh'6c6, .,i~ ;)O'f) a..,.n ,rzdt,_ M ,a.~ ;!;f -~ .4-efx-t~J;fl : 
- -

tk /)Utnk ~ ~ /Je.r&<-t ~~d avu1. : 

__ f-1 ~ ~ ~~ ~ ::Co fit-4. M~k-i ~ 
' 'tj~ hh~J/1 ---t- ~ ,. 

,uvvutA.A/1'1'. -~~~~~"i/3?~~-=--~ tu:{;l:nvtr:- ----- ~ tl_ ~f.C{, I f:tc'<46G4. 

~~ 
IA.~tm ~ i; . G«Y4t~~e2tu .-(M~J ~.J r : 
ih ~1 ~ ;1;-~ ~~f,::f:~~ .t:;t~ .. ~ .. !' 

--- 70£ kk }U;;[J g,,Nit( ~ ca * , , ~ 3 .... • ;:;~ 
_ r o - /! F ~ ~ u ..... U7" ~ • 

s~~~ ~ .:t: hn- Fl(;. ~~ 
- ~1; WkU h #~ ,~· i .~.(:) .- L.L.~,-,~-c=J-, . 

/ti- i l ~~~) ~~· ~·~f.'-tt~ 1 f . 

' 11 k ;{; ~ • ~ F./L/1/I~LT'A 

kJ1 /}11~-f~ 

S'~ r :!h. ~d ~ fPU_ ~~ w:tt. 
itt ~ . !. ~-~-~~-;rrrf;-ft;---:-ft~·7Jl{J 



• • • • 



• • • • • 
~ ~ ~ ::tk ~t~ t- ~.Luv,~ aAAJ .~-trz..c~~ • 

_ II tf lJ -()- . 111-~ J/d~ , • r ~~ fktL'~bc. v ~~~ r ~ h~ Wa1ha~ : 

;;_,~~~A~ IU~~ : 

~' ~~;lkU~_7~ _ ~ ~~~b~~~~· = 
. f-l¥ [>--L>--nj 

D f imiB~, 
--=:....-----J:;.~ . -

~-~r~~~~~~~ 
·rrL t:> 

·• 



• • 

- _ _r ~b k~ :P ;lk ~-~-~~

•---'_:=-------=--1-t; .i/La ~eJ ~ M ~f ~- --rk ~~~-~ -

e ~- 41i:P. i-MMA./MA~ ,p-. _ c;}u~ ;I{:- . .AM~ J~ d1 -~-
1 . (! ~ 

• • 

t:fh ;J1Jl»A k- -tlv. ~UA/J ~- ~J ~ ~ ---

-· r. B=rt ~· ·---



---· 



'ill~~ 

~ liEIL. it'l--g ~ 
f .- - ~ --1 



7 

·~ ~ C(!) f DMA:L {t%G ) ~~I c-adA. I ~ ::bjo 

~t9-- ~ w7ffi ~ Pf ~ ~;)&v df 

~)~ .~~ 

. ~ ~T· 
-rtt 

nn 

• • • 

• .._ 
• 
~ 



k ..bb&>b;wooo»* rr~ -
;to -~~ .:a ~ k-~ 

wdi ~ ~ sr ~ ~~ ~ 6-4 1 """'- :fi_r 
tL . fe-~tUAnJJ ~ . ~ ~ F -

Jw- _ ~4- -7 ~:tw~u ~ ~ ~ ~~ 

__ 

1 

tw-A PM-'U~ iiu. ~ ~ ;/c M- s;:rc-~ 

_i 
~ /3 

- A- Tf- frUc-1~ ~ "-'!~ ~ wL~ u-J1 ~ 

~ p_.._ L-~ a., tJeuJd ek t.e ~ ~~ t-...,..,;_g 

dW!IO ~ r~ ~ -



1 • 
• • 

1/.).,/i. -~·& cku..M-L~ ;6_~ /~41~ ~ ~ : 

~~ i i"F-t ~ .h~, 

~~- ~ k~ ~~) ~ ~ CU<d rr~ . 
At ~du ~ ,h ~ tut"tt{ dh ~?r : 

~~/.1/ ~ . • • • • • 



· ""-

TLPE DELAY TECHNIQUES FOR EL:?~CTRONIC 1vffi"SIC G01\J?O:::ITIOl~-

Paul1ne Oliveros 
Oct" 1969 

Whet.h.e r in the studio or in concert~ 'tcLe tape :r)e cord.er has 

1~ses beyond its ordinary recording fu.nction and can become part 

of the processing ensemble in electronic music performa.nce and 

eorqJosition. A co mmon insta.'tlce of this is tape head.. reverberation .. 

In order to utilize tape he ad reverberation the record .. er must 

t.ave se_pa rate 1 ... ecord and. ,Play·back heads with access to both 

cil"Cuits. Comparison of the incoming signal from t h e reco.rd. head. 

to the recorded signal from the playback head is usually accom~ 

plished by a switch. 

Signals from. the record head are siiffilltaneouz with the S01J.r:::::e . 

Signals from the playbc-:.ck head. are delayecl by the clistc .. n.ce the ·(; 

tape !rrllst travel between the two head.s. ( .,.,. l"' ) i.! lg. - 0 Afl ~~. it ion of 

the playback signal by meaDs of a feed'back loop to the rscora_ head 

will ca,~se re7e~:ber ati on. & 3) The amount of revertera-

tion is determined by the level of the fe.edback signal. 

!1a.ny hom.e tape recorders r.o vv hz.vc svd.tches .which automatj_cally 

couple chann.el 1 to channel 2 frora the playback. to the record. hc&.d, 

respectively and vice versa. 
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If the tape :r·ecord.e:r is fed by a microphone and the O'J_t:put 

from the record. head. is feel into the record.ing space or concert 

hall, the circuit acts as a P.A. system. (Pig~ 4) If the outpu·;; 

from the playback head is fed. back, then reverl1eration occurs • 

(Fig 5) Microphone :placement for both circuits is critical 1.Lnless 

acoustic feedback is desired.. · 'I'hat is:; the speaker pattern must 

not interfere with the microphone pattern. 

F1g, 6 shows the equipm~nt circuit for The Bath, 1966, a 

composition for Ann Halprin's Daneers Workshop, in which I utllized 

the dancers as soTh~d sources and the tape recorders as processors 

during a live performance. Followi.ng are the instructions: 

Section I - R.ecord all of the dancers' actlvi ties with recorders 

A, B and C 20 minutes. 

Set output of pre-amp and. outputs of t a !)e playbaeks 

at zero~ 

Section II- Rewind a.n.d transfer tape from reco rcler A to reco rd.er 

D. Continue recording with B and c. Qpen the :pre

amp pot to maxinmm acceptable output for the space. 

Put a new t ape on recorder A and continue recording . 

Open t he playba.ck pots gradually during the next 

five minutes on recorder A. AJ:Nays cont rol feedback 

but ne·ver make sud.d.~n gain adjustments. Re1;vind. re-

corders B and. C near the end of Section II 20 min. 



Section III- Gontinue recordi ng with playback pots open on ~e

corder ~· Begin to play bac k recorders B1·c & D. 

(With playback pots open.) Continuo.LlSly seJ_ect 

material from all four recorders utilizing the si.:i~ 

~ mixer pots. Rewind when necessary. 

Du.ring Section I the and].e.nc e becomes a.cc·~stomed. to the 

sound. space as it is. The gracbJ..£::.. 1 i ntroctuction of reve1-abcration in 

Section II intensifies all t~e sound. s the d anc ers make and. expands 

the auditory space. Section III introduces various met1ories of 

Section I and. II. The overa ll effect is quite complex and. can be 

handled by one performere 

With additiona l processing eouipment, such as gates, filters) 

modulators, etc. and./or sound. sou:cces, variations of the basic 

technique used. in Th~ Bath could occur. (For examples see Fig . a) 

Crosscouplj_n,; or a Qouble feectback loo·p betvveen channel s 

(Fig. 8) can produce continuous reiteration of an attack ·t:ntil it 

decays, a nev1 attack occurs or a resonant mocle is activa ted. YJh i ch 

results in a continuous crescendo. These circuits are difficult 

to hanclle ancl gain controls must be advanced. from zero slov.Jly ancl 

carefully. Otherwise l arge volume feedback is likely to builcl up 

very CJ.Uickly. Crosscoupled feedback is quite effective with long 

sustaJ.necl tones, produces reverberation anU. effects timbre changes. 

In order to get very fast repetition of attacks the circuit 

shown in Figo 9 was used for the part of the t3.pe portion of 
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Light Piece for ll8.V~~-oJ1_ ~£, 1 96 5. (Pour chs .. nnel tape) amplified 

plano ancl light pro jectionf.i c) 

The equipment circuit fo:r B~~~~_:!.~f.~~ So~"£' 1967, two-· channel 

tape (Fig. 10}, rep:eesents a f a r more complicated use o.:;.o small 

delay techniq_ues util i:z.ing four rec.oro_ers and_ exploiting the cLif-

ference in clist a.nce bet·we e.n head.s in t h.e Skully 280) 1\.mpe:x 350 

ancl two Ampex PR lOs operating at 15 C?X.Ld. 7i IPS, respecti velyo 
inches 

The Skully 280 has about 3/ between heacls , the Ampe:x 350 about 2 

inches, ancl the PR lOs abo·nt l inch. (:No act-Ga l measurements were 

made. · Use of the fee~back loops were determined by ea r.) With all 

the feedback loops in ope r ation there is a shirnrne:cing e f fect on 

attacks and. interesti.ng tirt1bre chang-e s on sust2..:ined. so1:u:Jds .) Be-

cause every delay line was controlled by a separ.s.te mixing _pot, as 

mu.ch or as little feedback as desire d_ ·was introc1uce cl , an.d_ e a ch 

delay .line could_ be treat ed. as a sepa:rate source. By sendJ.n.g delay 

lines to var:i.ou.s process ing d.evices, a large number of variations 

could occur. 

l_E_!_IV for 2 channel t a pe, 1966 (CBS l~lsic of Our ~~i1r.e se:cies 

ODYSS~'Y 32.-160160) utj_llzed. one t ape tffi'ea cled th rong.~ two recol1 ders 

(Fig. lla) for an app rox ims.te eigh t second. d.e la ~y };llu.s the sho1:ter 

crosscoupled delays. Fig. llb shov!s the circuit for I of IV. In-

serting a mixer in the feedb a ck line provided control over the 

amount of feedback. 

In the C(s) fo r Once, 1 966 , (publi8.1.ed by B11I Canada ) three 
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t ape recorders rJith one t~J. pe threaded. thro"t.tgb. 8,11 three, delay 

live sounds of ·voices, .Llu.tes , trtunp ets and. organ . (Fig ,. l2n & b) 

The cons ole operat or cues t h e performers and is ins trQcted 

when to intro du ce the delay· lines dur·ing the course o i ' the peyfor·-

mance. 

A -very flexible ancl interesting studio and :perforrlB.nce tape 

reco Itler c Ollld be designed. '~/v i th the fo llo~:J j_ng cons iderations: 

1. Sir.ml taneous access to ea ch head. vi a output j a c ks which. byr• 

pass the co r.1pari son swit che 

2. An eras e he·::td. defe a t switch. 

3. Selective synchronization (rer;ord. he a.cl can be swi tc~_ ed. to 

playb ack head.. 

4. Noiseless s •Ni t ch il€ from recor1l to playback mocle , erase or . 
. ; 
no erase VJ i:th cut stop) i ng t he tape t:r.su1Sport. 

5.· .A playba ck hea6. before the era se head. 

6. Extra :9l2. yb 2. ck head s "~N ith adjustable cLi st:J.nce from the norn:.8.l 

playback head. for fine cont ro 1 of clelay ti mes . 

7. :~~Iu..ltiple chaJ.1ne ls, ie. 4 to 8. 
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Whether in the s tudio or in concert , the t ape rocord0~ h2s 
•cztw ;~uocl ~ 

use~~ beyon:J. _ it ~ ~Al'ecoJ..'d5.ng fu.nction a.nl'L c an beco r;:,:;.;. I'~::.:ct 

of th8~ensemble i.n electronic music per·fo:::·,,anc:; anrl 

In ord.er tc utilj_ze t ape head rev01:bsrs. tion th8 reeo::c{Le.r· cm.s t 

h2 .. v e sei)c:~rate record arJCl playback heo.1L3 w j.th access to both 
"'to 

Col-:1~2.r:i..son of the :i. n~ ~.)IJ:iYJ:S signa,l :?_·ec the r ecord. hs.ad 
.ilA wk t.!: e rec.ci"·cLed. sj.gn2.l f'Tom the pJ.e.~; bac.k. h3 e .. d_ j __ E "'.,1f:>Ll ~1lly ac . .::.; or:.:.·· ,, 

la) p1lsb.oc1 by a. s v.r i tch. 
tD 

S:it;ns.ls ~~he rec ord. ~1.e 2... d.. are sir£r~J lt :J..,~. eous YJ ith tlJ.8 S01J.r-ce •. 
~ . ., (vJit": ~rt~c..~ to~ ~..__-4l. t'·~~l 

Signals from the playoacK hesd. ar·e d.ela;y·ecLAb;r t!le ~~ano·~ -c;H; 'ta_._..) .....I 

tape r,-;ust travel betw8eL. the t vvo he2.d:3 a (F:j._g . J.b) A Qc1. (~..5.t.i0rl 0 J I 

t:ton is d..eterro..i.ned b~l the l.eve l of the feedoac.k sig:~al . 
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:Q: c...__,:'"""¢~........_ i. s c..o-... .... -... .. -4. ~-b.~ 11-o..~c.. ';.'1"~ o~"--bot"'-
~f· tas t~ro eo:eeloP io :E'ea by a EB:ietophe¥le Eti'!el ·t;he, o~-'o;r:r~lt 

~(..~ O.Jv.-cL~ S'L5~ ~~~\'--'Af~ t.a ~~~~~(...~ 
i::r:Qii;, tho re ,·orGl Fiee..EE io foe.. .:.l't.Jce tb:e reeo!tiing space. o:f eonce -r.±. 
\1-oQ._~~ ~~ ~ \ "'-~ . .-~~u -b ~ "'""-..C. t:NIJ~ s (tAt:.' 6~ ~ w.. c~-t:. ~~ U 

1 
-b-l...' 

B:e.}:l,. Lhe e:, irouii; aa"bet ,A. s a. !'.A~ s.v ~effL. (P~~. ~) ) If the output 
c..,~ .... t. O...G~.S ~" ~.A. (rut..(,·, ~JciY'I'f) cyc~t. .... C~·s· Cf " . 
i'rom t he Dlaybaclc head. is fed. ~i t t1en reverberation occurs e ., · 

~"'- 'llrO ".\ '-. ~ "- ~ \ ~ \, o.-.J c e...l ~4::\/ts\.M~, .f:-o ~ ~~ a v '
{Fig 5) Il'1icr·ophone placement fo1• both circuits is critical un~ess \.f~t1 . . . . . . . . ~·t:~-- so .. ..J J:', ... l..Q .,UL,'L 
acous-c:A..c f eed.oack lS cleslred.. That ls~ the p a . ~'* ++gP!'l rrro.s·t~ • 

!:~J iJ;~:f';: es~l~f 'fu': .~i~J~L~"~~att'~~ .... ~:l:.0 &-~:'~.7: ~(..~~£'"':"(~"~ 
. - .... cu-~..at- --• __ ,,_(& • c _ ·~ 

Fig. 6 sho-~;s tb.e cq_u.ipm~nt ci:-ccui t for Th~ 33at~~-' 1966, a 

CO L'lp os it ion 

the clanc ers 

during a live performance. FollovJi~~ are t he instruct.io.i:s : 

Section I - Record all of the cl~1.ncers 1 activities with recorcle1·s 

A, B and. G 20 minutes. 

Set 011tput of pre-amp and. outputs of tape playl1aclcs 

at zeroo 

Section II- Revvind and. tJ~ansfe:r tape .f".rom reco rd.er ... ;. to :r·eco r·ie:r 

D. Continue recording \Vi th B and. C. Qpen the pre-

amp pot to maxinmm accepta ble output for the space. 

Put 8. new t <?.pe on recorc1.er A and. continue r-ecordil\..~· 

Open t he playba.~J}c ]_) ots gradually during the ne:..<:t 

five minutes on recorder .A . ...U-~!a.ys cont rol fcecL"bac;l:-

but never ms.ke sud.d.~n gain ad.j-..1stment s. Re"vvind re-

corcLers B and C near the end of Section II 20 min. 

f~<.ct.SS: \) 0- ~avJ tL~ t\1-t.o..t'S w... ....... ~~vl,(c... ~ .. ~ ~-b$ WOYt~ (CQ..~~e.U 

""l-l o.. s ~e.s o~ o ... c.:4:.\·o~~ av- o ~~a..~\oo.J cfe-.f\"'~t-L~ co._Jvc. .. ~ .1:-o O..\A. e~l # 

. ( I ) J I 
C:..o v--i:.\~"' o US '« "~-t \ 0\.o.. ~ -b-~~ "l u,..."-'t ~ t."t"~e.,. ',. . 

~) ~.u..) 0..~0 ut: 
. Mol.~ : t) b. c.\.. ....... ,~ Sv-.*. wL T B...-. -Co .. c... o.- ., IJ ..t'i,'.c.J d +; ( wv.1,.{ .. ~ ~) 

~) t.~~{'(. ~\.Q ~.at .. l~ • 
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Sectio.rl III- Continue reco x·di n::S with pla yback pots open on rc-A 

corder A. Begin to Dlay back recorders B,C & D. 

(With playback pots open.) Continuously select 

material from all fou.r recorders utili~;;:.ing the six 

mixer pots. Rewind when necessary. 

Du.ring Section I the audience becomes accustomed to the 

som1c1 spac·e as it is. The graclu.e.l introCbn.ction of reverbe1-aation in 

Section II intensifies all t~e sound.s the dancers make and. expands 

the auditory space. Section III introduces v2.rious memories of' . . ·e oe I U as§ 
Section I and II. The overall effect is quite com1)lexA~can be 

handled by one perfcl'mel', t~ · 
WJth addHiom.l~.~;;)eauipment, such as gates, filters, 

modulators, etc. and./or sound sources, variations of t:1e basie 

technique used in ~h~ Bath couJ~cl occur. 

CrosscouJlinr; OI' a c.ou.ble feed.bac.k loo':p bet\·Jee.i:1 cha nnels 

(Fig. 8) can prouuce continuous reiteration of un. att ac~: u . .ntil j_t 

decays, a nev1 attack occurs or a resonant mode is activated v,'hich 

results in a cont irn . .1.ous crescendo. r:L1hese. cJreui ts are clifi'i cu.l t 

to handle and. ga}.n controls Lrru.st be advanced. f' rorn zero slowly cU'J.d 

carefully. Othe:cwise large volume feed.uack is likely to b~Li1cl u~ 

very quickly. CI·osscouplecl feeclback is quite effective with lof.l.g 

sustained. tones, .produces reverberation and. effects timbre cha:nges. 

In order to get very fast repetition of attacks the circuit 

shown in Fig . 9 was u s e d for the part of the tape portion of 



(Four C h<:J Y"lnc-~ .Lr:i_" e 
• - .!.C.\. .u ~;::;__ ~<.. .... .!:" ' C.Uily li i.'J.. e a_ 

pianD and. light proj e ctions.) 

The equipment ci~"cuit for .~~aut~!_~~Soop, 1967, two-channel 

tape (Fig. 10), represents a far more compli eated. use of small 

clelay techniq_ues utJ.l.1zi.ng fou.r recorders ancl ezp1oi ting the clif-

fer·ence in d.istance between heads in the Slrnlly 220 , Ampex 350 

and_ two .Ar:1pex PR lOs oper2.ting a.t 15 and. 7! IPS, respectively. 
inches 

The Skully 280 ha s about 3 / betvJe en heacls, the Ampex 350 about 2 

inches, and the PR lOs about 1 inch. (No actual neasurements rvere 

made. Use of the feedb ack loops were determined by ear~) With all 

the feeo.b(-J.c.k loops in operation there is a shimmering effect on 

attacks ana_ inter8.sting tiri1bre changes on sustained saunas. Be-

cause every cLelay line v/as controlled by a seDara te . . ' n.n. ~~ J. ng .t.) o "t, a.s 

rr.cu.ch or as little feed.back as desired. was introd.uce cl , ana. e nch 

delay line could be treated as a separate source. By sending delay 
MODI~ yIN(;,-

lj_nes to v a ::ious t)-~ c1evices, a large nnmbel' of va ri 2. tion.s 

coulcl oc Cllr. 

I_of~-~'I. for 2 channel to.pe , 1966 (CBS :t~1sic of Our Time se:cies 

ODYSSEY 32-1601 60) utilized. one t :.lpe threa ded throu.gh two l'ecorclers 

{Fig. 11a) for an ap p ro::i..tl19.te e5.c;ht second cLelay plu s t :_ e sll or·;~er 

crosscouplecl d.cla~rs. Fig. 11 b shows the ci rc.uit for· .!__~!-. IV. Ir:-

serti ng a Inixer in the feedback line provided control ovei' the 

amount of feedback. 

I Y1 tbe 1"'1(,...,) ..o,......~ ., Q n r:e ] '~, rr -(l•• .... ·J.i .. )ll·.::..0 ec"'t by _'R'1\..T1I 0. 3.n~ Cl-c·l.) tr'_l -r_. , :~e .l.l - :::.._...:.~ .. - ~ ~ -=-::_.l_ ---::...~' -':I 00' ..t' J...J. - ~ - - - - ~ 



Jr-) hr:-LAy£D ~y 
[ 

c.) .b 1 ~t.c T 

c) b£-L~t-yz D i!.j 

a.) ~~!ty ED 

&-) b&{ky fJ) 

c.) " , ' 
A', l . , , 

/ 

-&f A;M.f&J< 352) C:H I 

Gy sh. "-9° 

By Ffl rv- 1S't fS 
} 

1 , f/fZ 1~ - 7 2. l(lS 



Thurs. 

Pauline, 

Pardon us butting in to matters (academic) which don't concern us 

BUT ......•. 

With 72 kids in your IA class, 
5 available days a week (for recorder check-out by office people) 

and 11 recorders ...... . 

that amounts to 15 kids a day who need a recorder 
and TOTAL BEDLAM trying to accomodate them plus 
the others. 

How 'bout setting up the assignments so that it is due at X time, but tell 
the kids that Algermissen through Farkas will use the machines on Monday, 
Fischer through La Motte on Tuesday, etc ... Anyone who doesn't show up to 
get his machine on the assigned day will have to wait until the end of the 

week and try again. 

If this is OK with you, drop me a note today and I'll 
work out the system. 

Leandra 
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t ap e recordei'3 vJi th one t:;:.pe threaded thr·oug1 e.ll three, delay 

live souncls of voices, flutes> tru.mJ)ets e...ncl org&n . (Fig . 12. a & l1 ) 

The console ope rator cue s the performers ancl is inst ruc t ed. 

when to introctu c e the del2.y lines du:ril1:-3 t he course o f t b.e perfor-

m.a..nce. 

Jl i.re r~r flexible and. interestir~g s tucl j_o ancl perfornu nce tape 

rec;o rder c auld be d_esigned. ·with the fo 11 O'.~.J ing consiclerat io ns : 

lo Simultaneous access to each head. via outrn;_t. jacks whi ch by 

pass the coDpar:i son sw itch. (:r"'("'~/R~s~o) 

3. 

1~11 er~lse he 2.d. defeat switch . ,4- vtUU-Jul• ~ Lc~ ~ 
~~ ~kad .. ~~~~~t-f 
Select i ·\.r e synch:coniza t ion (record head. ca.Yl be E~w itched to 

pla yb ack head. ~ 

4. Hoiselsss svvi tchir\.£; from :record to pla~rback mod.e , era. se or 
. i 

no erase "~Nithout stop_) i ng the tape tr s.Espo~ct ~ 

5. · A playb:.:'.ck he s.u bei."o re the e r2se he a cl • 

.Pl a yba c ]( head f or fine co nt ro 1 of del o..~l ti t !8 s . 

7. 1hlti~le channels, ie. 4 to 8. 

1M.,.. f "{ ;f;k ~ ,vv.u} ~i; taM. h --ad 7 ~ '-g 

~ r.r-r }~ -tk1 ~ Ar ~~~-/U~ 
IKM1d ~ ~k_~. 1~ .~ ~t ~r~5 
iL .iv<~t ~ M-{ ~ /nl<> tvv. ~rr-~{CA.f'f'iT4DS' 
~ w rkck &rfo evH ~ ~w i ~~«) ~· 

iL ~ ~ "' f.-? .N-o f- {fU.5M ~-
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TAPE DELAY TECHNIQUES FOR ELECTRONIC MUSIC COMPOSITION 

PAULINE OLIVEROS 

Whether in the studio or in concert, the tape recorder 
has uses beyond its ordinary recording function and can be
come part of the modifying ensemble in electronic music per
formance and composition. A common instance of this ~s tape 
head reverberation. · ·· · · ·· 

In order to utilize tape head reverberation the recorder 
must have separate record and playback heads with access to 
both circuits. Comparison of the incoming signal to the 
record head with the recorded signal from the playback head 
is usually accomplished by a switch. (Fig. la) · 

ta 
.. 

C~· ) O'CM.S .....---. 

Signal '~L 

The distance between heads 
varies with manufacturer. 
Figures below ar~ for Ampex 
350 • 

.output delay 
266 milliseconds at 7 1/2 ips 
133 tt ' " ' It .. '15 " 

Signals to the record head are simultaneous with the 
source. Signals from the playback head are delayed with 
respect to the record head by the distance the tape must 
travel between the two heads. (Fig. lb) Addition of the 
playback signal by means of a feedback loop to the record 
head will cause reverberation. (Fig. 2 and 3) 1The ampli
tude of reverberation is determined by the level of the 
feedback signal. 
t b 

.,..,. - - _- .rn "'a;. f) 
t • t 
• ·- !: .. _ .: - - - - - • 
\... fattMa H8~1> 1 ~~~ Jti'A-0 ttlA-y NC.k' HMO 

--
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2 
Signal 

in 

3 
Signal 

Output - Direct signal 
plus delayed signal. 

Direct signal 

Delayed signal 

Many home tape recorders no~ have switches which auto
matically direct the signal from channel 1 playback head to 
channel 2 record head, and vice versa. 

If the tape recorder is fed by a microphone and the out-
put to the record head is fed into the recording space or 
concert hall, the circuit acts as a P.A. (public address) 
system. (Fig. 4a) If the output from the playback head is 
fed back, then reverberation occurs. (Fig. 5) Microphone 
placement for both circuits is critical unless acoustic 
feedback is desired. That is, the speaker sound field must 
not interfere with the microphone sound field. (Fig. 4b) 

4a 

b 
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~--~ I 

no feeulJack 

,-

.___----c::J/ ~ ' ,_ f-, 
possible feedback area 

' I ' , '....,., 
direct signal 



5 
Delayed 
sianal 

6 rH~ BATH 1966 

Fig. 6 shows the equipment circuit for The Bath, 1966, a 

composition for Ann Halprin's Dancers Workshop, in which I 

utilized the dancers as sound sources and the tapo recorders 

as modifiers during a live performance. Following are the 

instructions: 
· Section I - Record all of the dancers' activities with 

recorders A, B and C 20 minutes. 
Set output of pre-amp and outputs of tape 
playbacks at zero. 

Section II- Rewind and transfer tape from recorder A to 
recorder D. Continue recording with B and C. 
Open the pre-amp pot to maximum acceptable 
output for the space. Put a new tape on 
recorder A and continue recording. Open 
the playback pots gradually during the next 
five minutes on recorder A. Always control 
feedback but never make sudden gain adjust
ments. Rewind recorders B and C near the 
end of Section II 2Q ~inutes. 
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Section III - Continue recording with playback pots open 

on recorder A. Begin to play back recorders 

B, C and D. (With playback pots open.) 
Continuously select material from all four 

recorders utilizing the six mixer pots. 
Rewind when necessary. 

During Section I the audience becomes accustomed to the 

sound space as it is. The gradual introduction of reverber

ation in Section II intensifies all the sounds the dancers 

make and expands the auditory space. Section III introduces_ 

various memories of Section I and II. The overall effect . is 

quite complex and can be handled by one performer. 

With additional modifying equipment, such as gates, filters, 

modulators, etc. and/or sound sources, variations of the basic 

technique used in The ~could occur. (For examples, see 

Fig. 7) 
7 . 
a) from TR output----~• -

b) from signal genera tor o;;=J,;d'"'-·!-. 
from TR output . ~ o---1 ; 'j, 

c) from pulse generator 
c 

To mixer or feed
back line 

It .. " " " 

or appropriate source --::1;~-re h 
from TR output ) .__! ~ ~ ~ To mixer 

d) from TR output~ ~--

- ~~!~f"1 
To mixer 

" 

Crosscoupling or a double feedback loop between channels 

(Fig. 8) can produce continuous reiteration of an attack un

til it decays, a new attack occurs or a resonant mode is ac

tivated which results in a continuous crescendo. These cir

cuits are difficult to handle and gain controls must be ad

vanced from zero slowly and carefully. Otherwise large volume 

feedback is likely to build up very quickly. Crosscoupled 

feedback is quite effective with long sustained tones. pro

duces reverberation and effects timbre changes. ' 

Sa 
cross coupling 

-
l , 

~~ --
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8 b 
Double feedback loop 

reitera~ive delay 

Delayed reiterative 
· delay ' . 

In order to get very fast repetition of attacks the cir
cuit shown in Fig. 9 was used for the part of the tape portion 
of Lifht Piece for David Tudor, 196$. (Four channel tape, 
ampl1 ied p1ano and 1ignt proJections.) 

9 

TRA 

Signal 

iRB 
Direct signal and 
delay at mixer to 
reiterative loop 
at TR B outputs. 

The equipment circuit for Beautiful Soop, 11967., two
channel tape (Fig. 10), represents a far more complicated . 
use of small delay techniques utilizing four recorders $nd 
exploiting the difference in distance betw~e~ h~~ds in the 
Skully 280, Ampex 350 and two Ampex PR lOs operatins at 
15 and 7 1/2 IPS, resp~ctively. The Skully 2~0 has about 
three inches between heads, the Ampex 350 about two inches, 
and the PR lOs about one inch. (No actual measurements 
were made. Use of the feedback loops were determined by 
ear.) With all the feedback loops in operation there is 
a shimmering effect on attacks and interesting timbre changes 
on sustained sounds. Because every delay line was con
trolled by a separate mixing pot, as much or as little 
feedback as desired was introduced, and each delay line 
could be treated as a separate source. By sending -delay 
lines to various modifying devices, ~ large number of var
iations could occur, 
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tO HEAUTIFUL SOOP 1967 

t.lf~ t 0.(.4\\. 

sovJt.c.5 

I>~SC R.lie-"'tOMr -fT t-+.-------------1 
CHd 

eu~ttL.It 

~o~~L.Ac. 
t:l:6GT~•C. 

~vs'c. 
StSTaM 

I of IV for two-channel tape, 1966 (CBS Music of Our Time 
series,icrD~SEY 32-160160) utilized one tape threaded through 
two recorders (Fig. lla) for an approximate eight second delay 
plus the shorter crosscoupled delays. Fig. llb shows the cir
cuit for I of IV. Inserting a mixer in the feedback line pro-
vided contrOl over the amount of feedback. . 

In the~ for Once, 196~ (published by BMI Canada), 
three tape recorders w1th one tape threaded through all three, 
delay live sounds of voices, flutes, . trumpets and organ (Fig. 
12a and b). ! 

The console operator cues the performers and is in
structed when to intro4uce the delay lines during the course 
of the performance. . 

1 

Most of the diagrammed circuits can be set up using home 
equipment, provided that the tape recorders have separate 
record and playback heads. Four input - one output mixers 
for isolating the input signals are available for five dollars 
from Lafayette Radio (Cat. 99T 4535 mono---the stereo mixer 
is not recommended). All feedback loops are accomplished by 
external patching. 

A very flexible and interesting studio and performance 
tape recorder could be designed with the following considera
tions: 

1. 

2. 

140 

Simultaneous access to each head via output jacks which 
bypass the comparison switch (input/repro). 
An erase head defeat switch (This provides a useful 
overlay function even though the record head erases 
the previous signal somewhat, especially the high 
frequencies). 
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3. Selective synchronization (record head can be switched 
to playback head). 

4. Noiseless switching from record to playback mode, erase 
or no erase without stopping the tape transport. 

s. A playback head before the erase head. 
6. Extra playback heads with adjustable distance ~rom the 

normal playback head for fine control of dolay times. 
1. Multiple channels, i.e. 4 to 8. 
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)> 3" del_ay from TR 2 Ch .1 

)) 6" delay from TR 3 - Ch.l 

short delay from -playback head plus 3" lag 
,, from TR 2 - Ch-.-1 and 6" lag from TR 3 - Ch. 2 

plus cross coupled reiteration loop from TR 1, 
Ch.2 
short delay from playback· head plus 3" lag from 

J) TR 2 - Ch. 2 and 6" lag from TR 3 - Ch. 2 plus 
cross coupled reiteration loop from TR 1 - Ch.l. 

,, 3" delay from TR 2 - Ch. Z. 

6" delay from tr 3 - Ch.2. 
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