
PROF. PAULINE OLIVEROS 
Department of Music 
University of California 
Post Office Box 109 
La Jolla, California 92037 

Dear Pauline: 

Telephone 201-582-3000 

August 28, 1970 
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Sound Catalogue which has attached records is particularly use
ful. I enjoyed meeting you and seeing the La Jolla Music Dept. 
last spring. 

MH-122-MVM-HS 

Enc. 

Best regards, 

~Jkuj-
M. V. MATHEWS 
Director 
Behavioral and Statistical 
Research Center 
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ABSTRACT 

This introductory catalogue presents some 25 examples 

of sounds generated by computer, using M. V. Mathews' Music V 

programs. Some of the sounds are instrument-like; some are 

not. The catalogue consists of the combination of a tape 

(or a record) of the sounds, which permits one to evaluate 

them aurally, and of the computer data used for the synthesis 

of the sounds, which afford9 a thorough description of the 

physical structure of these sounds. This is intended as an 

example . to be followed by people working in sound synthesis, 

so that others can benefit from their findings and so that 

an extended repertory of sounds can be made available for 

tone quality studies and for computer music. 
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Intrdducto~y Ndtes 

This limited "catalogue" presents examples of various types 
of musical sounds generated by computer, using Music V 
programs. A general description of the synthesis process is 
given in reference(l); more details on both the process and 
the particular program used can be found in reference(2) . . 
For each synthe~is the user of the programs must provide data 
which corresponds to the physical parameters of the desired 
sound. The data used to synthesize a musical excerpt will be 
from now on referred to as the computer "score" for that ex
cerpt. 

It has long been recognized(3)that in order to take advantage 
of the unlimited resources of computer synthesis of sound, one 
had to develop a body of psychoacoustical knowledge, enabling 
him to specify the physical parameters corresponding to a 
desired type of sound. Experiments with the seemingly well
known sounds of some musical instrumentsC4)have shown that 
such knowledg e was s till ve ry poor, but that computer synthesis 
of sound was an invaluable tool to remedy thi s situation. 

This catalogue presents results of computer syntheses for some 
instrument-like and some non-instrument-like sounds. It con
sists of the combination of a tape (or a record) of the sounds, 
which permits the evaluation of these sounds aurally, and of 
the corresponding computer scores with some additional explana
tions, which gives the recipe for synthesis and also affords 
a thorough description of the physical structure of the sounds. 
Thus the reader-listener can relate the physical parameters of 
the sounds and their subjective effect; he is also able to 
resynthesize the sounds by using the same or other programs, 
or any process enabling him to control the necessary physical 
parameters. 

Each example presented is numbered on the tape and on the 
write-up. To gether with the score, some explanations are given 
on the purpose of the example, on the design of the instrument, 
and on the stored functions used. Ahead of the examples a 
description and a listing are provided for a C0NVT subroutine 
and some GEN subroutines used in the examples but not described 
in the Music V manual(2). 

It must be emphasized that the sounds are presented as examples 
and by no means as models. In several instances no attempt 
has been made to optimize the synthesis with regard to simplicity 
or efficiency; also most of the instrument-like sounds do not 
attempt a close imitation of real sounds. In our experience, 
examples of certain types of sounds with their description are 
most useful, since this provides a starting point for a 
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systematic exploration of the synthesis of sounds of these 
types: it is then rather straightforward to find and discard 
unimportant features by systematic variations of the parameters. 
For the sounds presented here, the physical parameters have 
been deduced from data on real musical instruments or from the 
results of varfuus synthesis attempts, 

Several of the syntheses presented are not very economical. 
Simple and economical syntheses are in general easy to explore, 
and complexity seems often necessary to generate varied sounds 
with life and musical interest. Yet there exist economical 
and non-trivial ways to synthesize interesting sounds: for 
instance through the use of unusual frequency modulations, as 
explored by John Chowning at Stanford University; or through 
the use of non-linear transfer of waves or ring-modulation
like operations, as exemplified in #150 and #550 of this 
catalogue. 

Some of the sound examples presented (#490, 502, 503, 512, 517) 
are not directly output from the computer but obtained .from 
mixing one or several computer runs. Obviously mixing deprives 
the user of some of the computer's precision and convenience, 
and it requires good electroacoustic equipment. Yet, as 
discussed in #512, it helps the user to control the balance of 
amplitudes of several voices, and it may permit the same 
computer runs to be used repeatedly. 

Listeners are encouraged to listen to the examples at different 
tape speeds or backwards: these easy manipulations correspond 
to simple changes in the physical parameters. 

The numbers of the examples are in general nonconsecutive: 
this is to permit us to insert later new examples at what seems 
the most logical place. Yet it must be note~ that no attempt 
has been made to classify the sounds presented in a rigorous 
way. The problems here are formidable, sine~ the dimension
ality of timbre perception seems quite high. 

This catalogue is only a by-product of some sound explorations, 
but we hope that it will stimulate other people working in 
the field of synthetic sound to do the same kind of presenta
tion of their work: then one could take advantage of . their 
results, and an extended repertory of sounds would gradually 
build up and be made readily available, which could benefit 
studies in tone quality and perhaps other fields of psycho
acoustics(5)as well as computer music. 
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General C0NVT Subroutine 

For several of the runs which follow, a "general C0NVT" 

has been used. It has been designed by P. Ruiz to perform 

standard conversions without having to change the subroutine. 

One specifies for ~ each instrument (from #l to #5) which P field 

must undergo which conversion by setting Pass II variables in 

the following WC1Y: 

for instrument #1: SV2 0 10 i Nl N2 . . . Ni; 

#2: SV2 0 20 

i is the number of note cards fields to be converted. 

If one wants to convert P6 as a frequency (that is, P(6) 

(Function length/Sampling rate)*P(6)\ one sets N1=6. 

If one wants to convert P7 as a duration increment (that 

is, P(7) = (Function length/Sampling rate)/P(6)), one sets 

N =-7. 
2 

The conversion to increments for the ENVelope generator 

is done as follows. One must provide 3 fields, the lst one 

(e.g., P8) for attack time (ins), the 2nd one (e.g., P9) for 

. steady state time, the 3rd one (e.g., PlO) for decay time. 

= 

On the note card P9 is dummy, only attack and decay times need 

to be specified to their actual value. The C0NVT will deter

mine the steady state time by subtracting P8+Pl0 from P4 

(duration of the note)(if the result is negative it will assume 

steady state duration O(e.g., P9=Function length/4) and 

shorten P8 and PlO so that P8+Pl0 = P4). 
<\ .,\\ 

It ~ill th~n apply 

conversion P(j)=(Function length/4*Sampling rate)/P(j)). To 

get P8, P9, PlO converted this way, one simply sets N4=108. 
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This C0NVT provides also for conversion for the FLT 

(filter) unit generator (not used in the examples). 

A- 2 



CGC(NVT GENERAL CONVT 
r•••••••ClNV EQT•••FREQUENCY•••TIME••••ENV. PARAMETERS****** 
C•••••FrP INST 1 SV2 0 IC N Nl N2 N3 ••• 
C*****F~R INST 2 SV2 0 20 •••• 
C****~ ~U~ GE R ~F FIELDS TO CONVERT 
C * * * * • \J 1 , '·J ? • • • r I E L 0 S \1 U M 3 E R S 

(*****"*****"'**** 
C******* ~ · S. T ~ CG,VT P6 AS A FREQUENCY Nl=6 
C•••••Tr C0~~T P7 ~~ A T!ME INCREMENT N2=-7 
C******T~ HA Ve n~ P~ PlC AS ATTACK STEADY STATE<DUMMYt AND DECAY TIMES 
C•••••Fr~ E~VrL ~PE N3=1C8 
C * * * * • T ~ !· ~ ~ 11 f. P 1 1 A t·! ') P l 2 A S C £ N T E R F R E Q U EN C Y A N 0 H A L F B AN 0 W I 0 T H I N HZ 

C••••••FflP Ftl TCt:' q4::?l 1 
C•••••IF T~I S I~ ~LL N=4 
(*************** 

Sll ll'< r:1U T l ~\I f C :'"J VT 
CC.~!--10~ !P(J0)tf"tlOOl,Gll000) 
IFtGt~l.:--J F .O.O> R'-TURN 
IFCP(]l.\ E.]. Ol R~TURN 
F!7[ 1:')= 5 1l.D/G(q) 

I::- PC 3 > 

t•J P A R = G ( 1 0 * I l 
IFlNPAR.E G.O) GrTn 1 
OJ 2 · J=l ,NPAR 

~~ = 1 0 * I + ,J 
t-1 = G ( ~1 l 
JF(M.CT. 200 ) Gr l 0 40 
TFP1.GT.l0Ql GC TO 30 
JFfH.LT.C) Gn T[ ZO 

f*******FREQ~E NCY•****** 
P<M>=FR~="Q+P(h) 

Gr.Tfl2 
C•••••TJME•**** 
?.0 M-:-o"-1 

P ( ~1 ) = F R ~ (~ I P ( 1-1 l 
G8Tf12 

[******tNVELQDDE****** 
~0 ~ =~-~-100 

P(M+l>=Pt4>-PlM>-PlM+?) 
T !=' < P < ~1 + 1 > l 3 2 , 3 3 , 3 4 
F' ( M ) = ( P ( t-i > * P ( 4 l l I ( P ( M ) + P ( M + 2 ) ) 

( 

0 ( ~+ 2) = ( D ( M+ 2) * p ( 4) ) I ( p ( M) ) 
P(M+2l=(P(M+2)*P(4))1(P(MJ+PCM+2)) 

3~ p(~1+ll=121.1. 

GrTCJ3S 
~ 4 o ( M + l ) =F R t G I ( 4. 0 * P ( M + 1 ) .) 
3~ p(r+2l =FR[Q/(4.0•P(M+2)) 

P~ .) =r R ~;_;I ( 4 • 0 * P ( M ) ) 

GCTC'2 
C******FILT~ ~ *****• 

40 M-:M-20\l 
o=- < r;. ?q~?•P < M+ 1 > > IG< 4 > 

F = ( 5 • ;:: R 3 ~ * P ( r-1 l > I G ( 4 ) 
P( M> =~.•EXP( Ol •COS<F) 
p · ( ~ + J l = f X P ( 2 • * 0 > 

2 C"'"'TTNU F 
] C r. ~~ T I t·J U f 

RETURN 
END 
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Some GEN subroutines not described in Music V manual have 

been used in the following examples. Here is given a 

description of these subroutines, together with the listing. 

(A slight change has been performed in Pass III main program 

to extend the computed G0T0 following statement number 3, 

so that one can provide GEN subroutines GEN6, GEN7, GENS, 

GEN9.) 

GENl, GEN2 and GEN3 are as in M. V. Mathews' book, The 

Technology of Computer Music, except for a slight difference 

in the definition of functions generated by GENl: in the 

scores given here, the abscissas range from 1 to 512, while 

in the book they range from 0 to 511. 
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GEN4 

GEN4 is a Fortran subroutine to generate a stored function 

as the sum of segments of sinusoids. 

The calling sequence is 

CALL GEN4 

Data is supplied by the P(n), I(n), and IP(n) array: 

C0MM0N I, P/PARM/IP 

GEN4 is written in Fortran and requires a sine function 

SIN(X) which produces the sine of an argument given in radians. 

The jth function F.(i) is generated according to the 
J 

relation: 

F. ( i) 
J 

0 < i 2. IP(6)-l 

The Amplitude Normalizer is computed so that max IF.(i)! = .99999. 
J 

The parameters of the function must be arranged as follows 

in the data statement: 

P(l) 

GEN 

Al is 

Fl is 

Pl is 

Il is 

Jl i s 

P(2) 

Action 
Time 

P(3) 

4 

P(4) 

Function 
No. ( j) 

amplitude 

· frequency multiplier 

phase (in samples) 

starting sample 

ending sample 

P(5) P(6) P(7) P(8) P(9) P(lO) 

Al Fl Pl Il Jl A2 

P(ll) .. 

F2 
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, . , 
Example: , 

"' I 
...... ___ _ 

-1 l.:tg 

GEN4 
- 2 -

\ 

\ 

' 
,.15'& ,-------

\ 
1 

'31'f- . !>I~ 

\ I 
\ I '_, 

Continuous line function: GEN, 0, 4, 1, 10*, 2, 0, 128, 384; 

*arbitrary 

Broken line function: GEN, 0, 4, 2, 10*, 2, 256**, 128, 384; 

It must be noted that only relative amplitude of components 

is relevant; the function being normalized, the 10(*) could as 

well be 1 or 100. On ·the other hand, phases are expressed in 

samples (**): 0 corresponds to 0 phase; 128 corresponds to 90° 

or * , 256 to 180° or ~ , and 384 to 270° or 

In case harmonic partials are used, the first and the last 

samples of the function are equal: F.(O) = F.[IP(6)-l], thus 
J J 

the period in samples is IP(6)-l. 

The function i s stored starting in I(n) and is scaled 

by IP(l5): 

I(n) = IP(l5)*F.(O), etc. where 
J 

n = IP(2)+(j-l)*IP(6) 

A-6 
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CGENq 
c 
c 
c . 

100 

105 
103 

116 
115 

120 
1 1 3 

,.....,. '!"' .. - .... ~ ... , .. ... .......... ......... ~ 

FORTRAN LSTOU 
FUNCTION GENERATOR 4 

***MUSIC V*** 
PCSJ AMPLITUDE• PC6l FREQUENCY HULTIPLIE~t P(7) PHASE• PCB) START! 

lNG SAMPLE• PC9) ENDING SAMPLE 
SUBROUTINE GENq 
biMENSION Ill5000ltPC100lt!Pl20ltAl7000l 
COMMON IrPIPARM/IP 
EQUIVALENCfCirAl 
SClFT=IP<lSl 
N1::IPt2J+CIFIX(P(qJJ-1J•IPC6J 
N2::Nl+!P(til-1 
00 100 Kl::NltN2 
A (Kl )::0.0 
fAC::6.2831851(FLOATliPC6l)-l.OJ 
NMAX::!(ll-4 
DC 103 L::5eNMAXt5 
P2::P(l1 
P3::P(L•ll 
pq::P(l+2l 
JPS ::P CL+ 3) 
IPS::JPS+Nl-1 
IP6::IFIXCPtL•~ll•Nl-l 

00 105 J::IP5r!P6 
XJ::J-JPS-Nl+l 
ARG:: XJ•P3+Pq 
A(J)::A(J)+P2•SINlFAC•ARGJ 
CONTINUE 
XMAX::O.OOOCOOl 
DO 115 J::NltN2 

· IFfXMAX-ABS (AIJJ)lll6tll5t115 
XMAX::ABS (A(JJ) 
CONTINUE 
00 120 L::NltN2 
I(L)::(ACLJ•SCLFT•.99999J/XMAX 
RETURN 
END 
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GEN5 is a Fortran subroutine which simply performs 

various calls in order to skip files or to write an end ' of 

file on the output tape. 
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GEN6 

GEN6 is a Fortran subroutine to generate a stored function 

giving exponential attacks and decays with the ENVelope unit 

generator. 

The calling sequence is 

CALL GEN6 

Data is supplied by the P(n), and IP(n) array: 

C0MM0N I, P/PARM/IP 

GEN6 is written in Fortran and requir~s both an exponential 

and a base 10 logarithmic function: EXP(X), AL0G(X). 

The parameters of the function are given in the data state-

ment: 

P(l) P(2) P(3) P(4) P(5) P(6) P(7) P(8) 

GEN Action 6 Function -log2Al A2 A3 -log2A4 
Time No. ( j ) 

The function is computed according to the following figure: 

The lst 128 samples of the function increase exponentially 

from a value 2-P(S) (e.g., l/2048 if P(5)=ll) to a value P(6). 

They · correspond to the attack portion of the envelope generator. 

The following 128 samples of the function interpolate 

linearly between values P(6) and P(7). They correspond ·to the 

steady state portion of the envelope generator. 

A-9 



GEN6 
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The following 128 samples of the function decrease exponen

-P(8) tially from value P(7) to value 2 . . 

The last 128 samples of the function are zero. 

The function is ~aled so that its maximum value is .99999. 

If P(5) or P(8) are zero or negative, the subroutine will 

give them the default value 2 -ll 

If P(6) or P(7) are zero or negative, the subroutine will 

give them the default value .99999. 

Examples: 

GEN 0 6 2 2 • 9 9 . 5 10; 

will give for F2 

GEN 0 6 3; 

will give for F3 
jt-

. ~1'l~1r-----r-----

~ --11 

~~------~-------L--------------------~' r 
S"l.l-
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CGEN6 
c 
CGE~6 

6 

GEN6 FOR ENVELOPE 
•••••MUSIC V***** 

fOR ENVELOPE WITH EXPONENTIAL ATTACK 
SUBROUTtNE GEN6 
DIMENSION Il15000)tP(l00)tlPl20) 
.0 I ~f. N 5 I 0 N A ( 512) 
CO~MON ltP/PAR~/IP 

<;CLFT=IP(l5l 
~l=IPt2l+tiFIXCP(4l+O.OOll-l)•JP(6) 
~ll=Nl-1 

N5=JP(6) 
N2=t-~6/4 

XNQ::NZ-1 
N3::N2+N?. 
N4=N3+N2 
ARGl=P{5) 
A PG2=Pt6) 
APG3=?<7l 
A 9S 4 = P f 8 ). 
IF(ARGll610t610t611 

610 Yl=ll.•ALOG(2.)/XNG 
GOT0612 

611 Yl=~RG1•ALOGC2.)/XNG 
~12 CONTINUE 

!ffARG2J614t514t515 
· 614 Y2=.99999 

GOT0616 
615 Y2=ARG2 
616 CONTINUE 

IF(ARG3)618t518t619 
618 Y3=.99999 

GOT0620 
619 Y3=AR(;3 
620 CONTINUE: 

!FCARG4l622•622•623 
622 Y4::ll.•AL0Gt2.)/XNQ 

GOT06 24 
623 Y4=ARG4•A~OGt2.)/XNQ 

624 CONTINUE 
00 630 J=l•N2 
XJ::,J-N 2 
YJ::Yl•XJ 
A(Jl=.99999•EXP(YJJ•Y2 
JJ=J+Nll 

630 ICJJ>=A<Jl•SCLFT 
f .~CT=< Y3-Y2l /XNG 
NNZ=.N2+ 1 
!)0 540 J=NN2tN3 
A J= J-N2 
A(J)::.99999•tY2+FACT•AJ) 
JJ::J+Nll 

640 I<JJ)::A<J>•SCLFT 
NN3=N3+l 
00 650 J=NN3tN4 
XJ=NN3-J 

· YJ::Y4•XJ 
A(Jl=.99999•EXPCYJ)•Y3 
JJ::J+Nll 

650 !CJJ)=ACJl•SCLFT 

NN5=Nll+NS 
(105~0 J::NN4tNNr:J 

AND DECAY 

A-ll 



660 IfJJ)=O 

' . ~ 

RETURN 

fND 
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GEN7 is a Fortran s ubroutine to generate a stored function 

which can be a rising exponential, a decaying exponential, or a 

bell-shaped curve. 

The calling sequence is 

CALL GEN7 

Data is supplied by the P(n), I(n), and IP(n) array: 

C0MM0N I, P/PARM/IP 

The parameters of the function are given in the data state-

ment: 

P(l) P(2) P(3) 

7 

P(4) P(5) 

GEN 
Action 

Time 
Function 

Number 
n 

If P(5)>0 GEN7 will compute a function rising exponentially 

from 2-P(S) to .99999. Such a 

function used to control frequency 

will cause the pitch to go up 
~- p(,) 

~----------~~----~ P(5) octaves (if P(5) is inte ger)~ 
1 

If P(5)<0 GEN7 will compute a function decaying exponentially 

from .99999 to 2-P(S). Such a function used _ to control f~equency 

will cause the pitch to ·4~G\~1 

go down P(5) octaves 

(if P(5) is integer). 

If P(5)=0 GEN7 will compute a bell-~haped function as repre-

sented on the figure. If the ordinate scale is in db, the curve 
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is a portion of a sine wave 

with a D.C. bias. The peak 

ordinate is equal to .99999 

and the end points ordinates 

4 -4 are equal to .6 x10 , which 

GEN7 
- 2 -

is 84db below. The formula used is 

F(x) x-256 5 = exp[lo g (.008)(1-co s 2n( 
511

· ))] 

1 

A- l L1 



. . 

Cf.GGE~J7 

c 
c 

GEN 7 · FOR GLISSANDI OR EXPONENTIAL DECA~S 
••••••••••• 

c 
c 
c 

IF P(5)=~ POSITIVE ~0 UP ~ · OCTAVES 
IF P(Sl=-N GO OOWN · Nt OCTAVES 
CONSTANT NU~BER OF SAMPLES PER OCTAVElEXPONENTIAL 
IF P(Sl=O DRAW ~PEti•L SPECTRA~ ENVELOPE 

' SUBROUTINE GEN7 
0 I ME N S I f)'N I < 1 5 0 0 0 ) , P ( 1 0 0 ) ' I P ( 2 0 ) • A ( 7 0 0 0 ) 
CO~~ON ItP/PAR~JIP 

EQUIVALE~CEC ItA) 
SCLFT=IPC15) 

. Nl=IP<2l+(IFIX(P(4))-l)*!P(6) · 
N?=t-'1 +IP t E) -1 
00 100 K=NltN2 

100 AfK>=n.c 
IF (P( 5)) 200t 300t 250 

. l 

C GC DOWN P(5) OCTAVES 
200 XN= P(5)•ALOG<2.l/511. 

Q 'J 2 0 5 J = ~ 1 ' N2 
XJ=J-Nl 
YJ=XN•XJ 
A(J)=fXO(YJ)•.9999q 

205 I<J>=A(J)*SCLFT 
GOT~500 

C GO UP P(5) OCTAVES 
250 XN= P(5)•AL0G(2.)/511. 

DO 25S J=~!J •N2 
.XJ=J-Nl-511 
YJ=Xt\*XJ 
A(J>=EXPtYJ)•.99q99 

2~5 ICJ>=AtJ>•SCLFT 
GOTD 50·0 

C AMPLITUDE FOR ENDLESS GLISSANDI 
300 CONTINUE 

~ C'O 325 J=NltN2 
\ xJ=J-Nl+l 
fYJ=<6.2832•CXJ-256.5)l/511. 
' z J =A LoG< • o o a > * < 1.-cost v J, , 
ACJ>=EXP<ZJ>•.99999 

325 ItJl=A(J)*SCLFT 
500 RETLRN 

END ; 

PROGRESSICN) 
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GENS 

GENS is a Fo~tran subroutine to generate a stored function 

which can be a bell-shaped curve with one, two or three peaks. 

The calling sequence is 

CALL GENS 

Data is supplied by the P(n), I(n), and IP(n) array: 

C0MM0N I,P/PARM/IP 

The parameters of the function are given in the data 

statement: 

P(l) 

GEN 

P(2) 

Action 
Time 

P(3) 

7 

P(6) field is used only if P(5)=,0. 

P(4) 

Function 
Number 

P(5) 

n 

P(6) 

m 

If P(5)=0, GENS computes a bell-shaped function with 

one peak, as shown on 

the figure. If P(6)=0, 

default value P(6)=1 is 

assumed: This corresponds 

to end points ordinates 

42db below the peaks ordinates. The function is computed 

according to the formula 

F(x) { 
( 6 ) 2nn-256.5 _) 

= exp log(.008)x~ x[l-cos( 
511 

)~ 

If P(5)>0, GENS computes a bell-shaped function with 

two peaks, as shown ~~ 

on the figure. The . 11'1'1l1 

lj /\ .. 
function is computed 

P(s) 
according to the (- cos) 

' " 
formula: . /\ t.l ;l. 

. 7 

.. 

' 

_.... 
r 



GENS 
- 2 -

F(x) = exp tlog(.008)xP~)x[l-sin2n(x;~g)~ 

For P(~)=l, the end points ordinates are 42 db below the 

peaks ordinates. 

If P(5)<0, GENS computes a bell-shaped function with · 

three peaks, as shown 

on the figure. The -~'\'l
11 VV\1\ 

function is computed 

according to the l<>bs)cs~r----~!!!::---~-----~ 
I 

51::2... 
formula: 

( -P(5) x-44 J F(x) = exp llog( .OOS)x[ 2 ]x[l-sin2n( 170 )JJ 

For P(5)=-l, the end points ordinates are 42db below the peaks 

ordinates. 
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CENVGEN8 . GENa FO~ : L~2t3 PEAK CUR~ES 

c 
c 
c 
c 
c 

tr.c 

c 
200 

225 

c 
2SO 

c 

275 

300 

325 
500 

••••••• ·' 
-FOR TON~ HEIGHT VERSUS TONALITY STUtiY 
PtS) . zEqo . ONE PEAK 
PfS) POSITIVE TWC PEAKS 
Pt5) NEGATIVE THREE ~EAKS 

' SUB P 0 ll T I NE G E N 8 
0 ! ~f N <; I 0 N I ( 1 5 0 'Q 0 l , P l 1 ~ 0 ) , I P l 2 0 ) ·' A < 10 0 0 ) 

CCM~ON !~ P /PAR~/IP 

[QUI VALE NCEi I' A l 
SCL FT=I 0 ( 1!) ) 

~ 1 =I P l 2 l +(IF I X t P t 4 l l- 1 ) *I P ( 6 ) · 
N:?=Nl+IPC6)-1 
no 1{)0 K=NltN2 
A CK l=O•O 
If(P(5))2 00t250t300 
THPf.E PEAK S 
r:~NTI NUF. 

XM=-Pl5l 
no 225 J=N.l•N2 
XJ=J-Nl+-1 
YJ =t6.2832•tXJ-44.))/170. 
ZJ = ALQ&C.008l•tl.-SINlYJl)•.S•XM 
A(Jl=fXP~ZJ) 

IlJ>=A(Jl•SCLFT 
GOTOSOO . 
ONE PEAt<· 
fONT INUE 
XM=Pf6) 
IF.( X H.:£ <f •• 0 • l X ~ = 1 • 

. · o t:t2..lS~ . .J;: N 1·, N.2 

XJ=J~NT-tl · 
Y. J , .. = t 6 ~ 2 S 3 2 • ( X ,.J - 2 56 •· 5 ) ) I 5 11. • 
ZJ=ALOG~.0~8)•(1.-COSfYJ))•.S•XM 
A(JJ=EXPCZJ) 
I ( J ) = A ( J ) *S C l F T 
GOTOSOO 
TWO P£ A'< S 
CONTINUE 
XM=PlS) 
00325 J=~ltt\2 

XJ=LI-Nl+·l 
YJ =t6.2B32•(XJ~65.))/256. 
ZJ = ALQG(.Q08l•(l.-SINtYJ))•.S•XH 

ACJl=E)(P(ZJ} 
!(Jl=A(J>•SCLFT . 

RETURN 
ENf'J 

A- l 9 



#100 

This is a melody played by an i n strument reminding of a flute. 

Instrument #2 

This instrume nt g ives a 

wave with a time envel \) pe, 

a random amplitude modulation 

and a periodic smplitude 

modulation. 

The wave corresponds 

initially to function F2; by me ans 

of SET, it can be changed to function Fn, 

where n is the value of Pll in the note card. 

(If n < o no change is effected.) Here Fl- sine wave, F2- ~ 

4 harmonics wave, F3 - 6 harmonics wave - are used; for these ~ 

3 functions the fundame ntal is dominant. The function with the 

richest harmonic content is used for the lowest note. Care is 

taken to avoid foldover, except at action time 9 and 9.1 where 

a small amount of foldover is ~eliberately introduced. The time 

envelope corresponds to functions F5 and also F4, F6, F7; it 
. i=S 1h~pe t ~ 

gives slow attack and decay. (Q\so ~=""4,f6,F7)1_...../' ~ 
) 

The random amplitude modulation 

range is only 1% of the amplitude, (see C0NVT), 

and its rate is around 60Hz. This modulation is on/ly marginally 

significant. 
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- 2 -

The periodic amplitude modulation is performed using 

function Fl2, giving a sine wave with a D.C. bias. The rate 
f1l. 

is given by V7 and is around 5Hz. 1 

course to the melody, (similarly 

to other parameters) to give more 

naturalness to the melody. 

Instrument #3 

This instrument is simply 

used to introduce frequency 

glides controlled by F9, or 

to increase the proportion of 

fundamental (in conjunction 

with instrument 2). 

Note: Since only this example was to be generated with this 

type of tone quality, I have not attempted to improve 

the code in terms of economy of specification. 
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COMMENT FLUTE RUN ON TAPE Ml669 FILE 6: GEN 0 5 5: 
COMMENT:SAMPLING RATE 10000 HZ: SIA 0 4 lOCOO; 
COMMENT:INSTRUMENTS FOR FLUTE LIKE TONES: 
INS 0 z:P.AN PS F9 B3 P30 P29 P28;A02 83 PS B3: 
05C 83 V7 33 Fl2 Pzs; SET PlO: 
OSC 83 P7 B3 F~ P27iSET P1l:OSC B3 P6 B3 F2 P26iOUT 
INS 0 3:SET P9tOSC PS P7 B3 F8 P30iSET P9i05C P6 P7 
OSC 83 84 B3 Fl. P28i0UT R3 BlifNO: 
CO~MENT:~~TR~NOME MARKING 70: 
SV2 0 2 3~;SV2 C 30 0 70 20 10; 
SV3 0 7 .24: 
GEN 0 2 1 1 1; 
GEN · C 2 2 1 .2 .08 .07 4; 
Gf!'J o z 3 1 .4 .2 .1 .1 .as 6: 

B 3 B 1 ;E NO; 
B4 F9 ?29: 

GEN 0 1 4 0 1 .2 50 .6 140 .99 180 .9 205 .5 250 .25 300 .12 350 .06 400 
.03 450 0 512; 

GEN 0 1 5 0 1 .2 50 .6 150 .99 200 .2 350 0 512i 
GfN 0 1 6 0 1 .2 50 .5 250 .2 350 0 512: 
GE~ 0 1 7 0 1 .5 80 .5 140 .99 160 .4 280 .6 420 0 512i 
GEN 0 1 P 0 1 .4 150 .99 350 .5 400 .24 450 0 512: 
GEN 0 1 9 .895 1 .99 512; 
GEN C 1 IC .999 1 .999 512; 
GE N 0 2 12 • 26 • 74 1 ; 
NOT .E8 3 .12 1200 988 .12 8 10: 
NOT 1 2 2 800 1109 2 20 60; 
GEN 1 1 8 0 1 .99 !CO 0 512: 
NOT 1 3 .7 300 1107 .7 8 10: 
GEN ~ 2 12 .3 .6 1: 
NOT 3 2 .g 300 784 .5 30 50 4; 
NOT 4.5 3 .375 1200 1397 .375 5: 
NOT 4.85 3 .15 1200 992 .15; 
NOT 5 3 .7 300 1100 .7: 
NOT 5.01 2 2 1200 1109 2 30 80 6 z; 
NOT 1 2 .2 400 784 .z 40 70 7; 
NOT 7.2 2 .3 300 698 .3 30 ~0 5; 
NOT 7.51 2 1 300 370 1 30 .50 6 2: 
NOT 7.5 3 .5 150 358 .5 8: 
NOT 8.5 2 .5 400 415 .5 50 6C 5: 
NOT 9 2 .12 900 139~ .6 30 80 4 2: 
NOT 9.1 2 1.2 900 1558 .8 30 90 4 2; 
SV3 10.24 7 .31; 
NOT 10.25 2 1.08 90C 277 1.08 40 60 7 3; 
svJ 12.o8 1 .za; 
NOT 10.25 3 1 2CO 275 1 6 10: 
NOT 11.35 2 .36 500 329 .31 30 60 5 z; 
NOT 11.72 2 .36 800 528 .26 30 60 5 z; 
NOT 12.C9 3 .20 950 2217 .2 6 9: 
NOT 12.10 .. .. 2 .15 700 1~75 .13 40 90 5 t; 
NOT 12.23 2 2.5 999 2217 1 40 90 4 1: 
TE R 19: 
C CONVT FOR FLUTE 

SUBROUTINE CONV'T 
COM~ON IPtlO),Pt100)tG<l000) 
IFCPfl).NE.t.JGOTOlOO 
F=5ll./G(4) 
PC6>=F•P(6) 
P(7l=F/PC4l 
IFCPC 3) .EQ.3. JGOTOIOO 
Pf9)=F•P(9) 
D(8)=.0l•Pf5) 

100 PETURN 
ENn 
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This run gives a serial excerpt. It makes use of three 

different tone qualities,particularly one obtained through 

non-linearity which has some similarity with clarinet 

sounds. The 12-tone development is done au.tomatically in 

the 3rd pass, by repeated scanning of storeq functions: 

frequency controlling functions, corresponding to the pitch 

rows, and amplitude controlling functions, corresponding 

to rhythm and accent rows; this way hundreds of musical 

notes are generated from only 10 note cards, using a process 

similar to M. V. Mathews' cyclic algorithm but performed 

in the 3rd pass( 6 ). 

The example uses two pitch rows, specified respectively by 

F7 and F8. The frequency input of the oscillators using 

these functions is the frequency of the highest note in the 

row. The rows are as follows: 

r7 

~ 
,, 

~~ • '*' :II , j. I 

& I 
• • 

i 

.... 
• $• 

:II 
T 

The example uses two rhythm rows, specified by F5 and F6. 

For instance F5 corresponds to the following rhythm: 

]': ., 1 ,t 1 ,t-
r-j-, r-J_, 

11 L ,\ t ,\ r ~ 1 .1 

The tempo is Jl = 132 for a scanning duration of 5.9ls. 
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#150 

- 2 -

The oscillators I0S using F5, F6, F7, F8 accept negative 

increments that will cause the function to be scanned back-

wards. 

Instrument #1 is here. sine 

and frequency controlled 

by functions F5 and F6 

respectively, and then 

submitted to a non-linear 

transfer, according to 

the characteristics of 

function F2. F2XP5 gives 

the output as a function 

of the input B3, which 

must be in the interval -256,+256. 

This is achieved by using ~~--

the bottom oscillator in ·>~------~--~r 
Ot----~~:-::-------1--~ 

a degenerate way, whereby~)~--~--

-4 B3 is used as sum with a 

frequency increment of 

O(Vl=O). Both P9 and P5 

determine the maximum amplitude, 

but the value of P9 an the 

interval -256,+256) determines the amount of "distortion" per-

formed on the s ine wave. (The output is s till a sine wave if 
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- 3 -

P9<312-256 =56.) The distortion generates odd harmonics 

so that a sampling rate of 20,000 Hz had to be used to avoid 

objectionable foldover for fundamental frequencies around 

1500 Hz. 

Instrument #2 simply generates a waveform defined by F3, ampli-

tude and frequency controlled respectively by functions F6 

and F8. F3 is an all-positive waveform, generated by GEN7 

(cf. description): it is a sine wave in a dB scale, with the 

lowest point 84 dB below the highest point. There is a 

marked difference between the aural effect of this wave and that 

of a true sine wave. 

Instrument #3 generates a sine wave whose frequency is con-

trolled by F7 and whose amplitude is c~ntrolled by F4. F4 is 

a decaying exponential: this F-, ~ -

gives a percussive sound. The 

rate of scanning the amplitude 

function is about 12 times the 

rate of scanning the frequency function: if it were exactly 

that, . it would give one "stroke" per pitch. By divorcing the 

rates of scanning for amplitude and for frequency functions, 

one can obtain repeated pitches or legato transitions between 

pitches. 

Note: In the printout for run #150, semicolons (;) are replaced 

by dollar signs ($). (This run was performed on a 
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- 4 -

machine without a (;) in the character set.) Also 

GENl is for this example defined with abscissas 

ranging from 0 to 511. 
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- CnM~E~T 5~QIAL ~UNCTT~NS WITH N1~ LINFARITY$ 
~o~~rNT rrTS S~~T~Llf~ fl~P 1 ~~lLO 2$ 
IN~ ~ l$~rT nl?~Tn5 Pq P7 q~ FS PlO$ 
SfT ~}?~Tc~ Pr n~ B4 ~7 P}l~ 

~~c R1 ~4 q~ '-1 n1o~~o2 P3 v~ R~$ 

o ~ c o s v 1 p ;-> c:- 2 q ~ ~ r u T ~ 2 B 1 cr. F "' n $ 

Gf~l ~ 2 1 l 1 ~J: 

G f "' n l ? - • q f:J fl - • c- ? " n • c::. 3 1 2 • 0 <'1 5 1 l «£ 
T~~ n ?$~rT Pl?~T~S 0 5 P7 q~ F~ PtO~ 
S~T D1 7 ¢T(~ P~ po 84 c-g P}}~ 

r)~C p~ ~4 ~3 r.3 P)Q¢'1!!T Q~ 0 l$f"'O$ 
~v~ " o 2t;~cr. 
Gf~ '1 7 "l ,.., l <t 

* 150 

r, f fl.! f't 1 4 0 () • 7 p 0 }IJ 0 • 9 9 2 5 0 • p . ~ ~ c • 2 4 (' 0 0 5 1 1 !f 
~~~v~~T reT~ ry[ "VTHVC" PUIS OE PITCH$ 
r; E t·' r 1 ~ o o • o o 4 • ~; 1 r c 2 9 n 5 P • 1 6 2 • 3 1 2 o 1 P o 9 1 • 4 1 o 2 • 1 
110 r 11~ 0 147 .q l4q .~ lS3 .2 156 .B 158 .3 1~0 0 196 0 201 .3 ?11 
.7 2?.5 .3 2~0 C ?33 0 ?UP .4 25r. .g 255 n 2(2 0 275 .~9 ?76 0 ~14 0 334 
.A l1S .2 34~ 0 3~3 0 37~ .qg 7 7S 0 ~~3 0 422 .~ 423 .1 432 .7 41~ 
• 7 44r o qsz c ~11' 
GEN 0 1 ~ r 0 •" 3 .; 50 .2 S~ 0 5q 0 84 .8 RS .q 107 0 114 0 151 
.qo 155 • ~ lG7 C !71 r ~11 .o,~ ?1 7 .3 224 .l 227 .99 ?~1 .~ 150 .A 280 
.n~ 2P4 .S 7~C .4 2Q0 .0~ ?~? .; 300 .R 30G ~ 312 ~ 381 .6 38"l 0 ~97 0 
4 1 c • 7 tt 1 r.; • 2 4 ? s r 4 tl o r 4 <J ? • q 9 q 9 6 • F. s r 4 c c; 1 1 q; 

GE~ a l 7 .~~3 ~ .5~3 4? .99 43 .99 RS .~7 8G .17 127 .527 128 .5?7 
17" .r. r_:,7 171 
-~~7 ,12 .Jst 213 .1s1 ?5~ .790 256 .790 2qA .555 zqq .555 ?uo 

.4~8 34J .4~8 38~ .F?u ~pq .~24 425 .832 42~ .832 4E8 ~8~9 469 .EP9 
~1" .sQ:z Slt«; 
G~N 0 1 F .37~ C .37~ u? .?~0 u~ .2C0 85 .q99 86 .999 127 .!33 1?8 
.133 170. lr-8 1 7 1 .l~q ?! ? .422 213 .422 255 .601 ?56 .~01 298 .141 
/99 .} UJ 34r .237 141 .?:7 7.Q3 .534 3q4 .534 425 .4c;O 426 .450 468 
.7}? 4flCJ .71? Slf\ .37S 51llli 
J~~ ~ 1~0SC P~ P7 R3 ~4 P?,O«JC~ PE PP R4 F7 P29' 
'1 ~ C q 3 P 4 R ~ c- l D ? n, ~~: , U T ~ ~ ~ 1 t; F ~ .. ' [) $ 

r,r:-N n 7 4 -<?¢ 
~TA 0 4 ?~fln"$ 
~ ,., ~~ ~ r t-. T T '1 S ~ 7 G F "T T ~ l ": r N V T rr 
~V? 0 1" 7. h -7 -Q~ 
~V? n 2n 3 ~ -7 -P! 
~V? 0 ~0 ~ h -7 -Q~ 

I'', T l 1 l 1 • P 2 2 ~ " 1 F 4 n 1 l • 8 ? l fi • 9 0 2 r:; C ~ 
N~ ' ?~.t-? 1 2 7 .~4 ~oo t~uo -11.~? -to.go 25n$ 
MnT J~.4 4 1 ll.P? 25~ 230~ 11.P2 10.90 250$ 
NnT 3.77 ~ 16.32 qoo 22A 8.16 10.90$ 
NQT F.4~ 1 ?q.~ 4~0 P?O ~.91 -5.4S 220' 
~~T ~.us 1 2q.~ 40n S76 ?.qss -S.45 ?O~$ 

"' o T ? ,., 2 1 c: . • 3 ? ~ ~ c 4 c; '") - 1 f, • ~ 2 - 1 o • 9 n ~ 
~! 11 ~ ? 4 1 ? 3 • c:; •• 4 () 0 ~ .., 0 - 1 1 • R 2 1 0 • q 0 ? c; 0 $ 
NrT ~~ 2 1~.3? nnr 778 P.15 l".qo~ 

~OT ~n ~ ?2 S~n fiS60 .q? 11~ ,.r:-, ~411: 
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#200 

This run provide s a few "brass-like" tones. Here no 

attempt has been made towards economy of specification: 

schematized data f rom real trumpet tones have been used (cf ., 

J. C. Risset and M. V. Mathews, Physics Today, Feb.l969 ). 

Instrument #1 

w• 
I 

This is a de gene rate instrument 

which simply p r ovides for random 

frequency modulation in the other 

instruments. The range is around 

. 5% of the fundamental frequency; 

I\ 

the rate is around 10Hz. (These are 

low values: in thi s example the 

random modulat i on i s not very significant . ) 

I n struments #2, 3, ... , 6 

These instruments are used 

to synthesize tones with 

dif f erent envelopes for each 

partial: 1st p a rtial with 

function F2, ... ' 5th partial 

with function F6. Random 

frequency modulation i s 

possible using i n s trument #1. 

Fl is a sine wave. 

B~ . 

• • . 
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Instrument #7 

#~00 

- 2' -

This instrument is used to 

synthesize partials with 

di fferent attacks and decay. 
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CO~ME~T:BRASSY TO~ES WITH INOEPE~OE~T CONTROL OF THE HARMO~ICS; 
COMMENT:T~Pf M2029; -::ff 2 QQ 
COMMFNT:SAMPLING RATE 12.5 KC: 
COMMENT:FOR FREQUENCY MOOULATIO~ AT RANDOM; 
INS 0 t:~AN P5 P7 82 P30 P29 P28;END; 
COMMENT:FOR l"·JGEPENOENT HAR~ONIC CONTROL: 
INS 0 z;SET Pp,;~SC P5 P7 B3 F2 P30; 
ADZ P6 B2 B4;0SC g3 B4 B?: Fl P29:0UT 33 Bl;END: 
INS 0 3:SET Pg;OSC P5 P7 B3 F3 P3C; 
AD2 P5 82 S4:QSC 33 34 83 Fl P29:0UT 83 Bl:£NO: 
INS 0 q;S(l Pg;QSC PS P7 83 F4 P3C; 
~D2 P6 B2 B4:0SC 83 84 B3 Fl P29:0UT B3 Bl:£NO: 
INS 0 s:SET PP:OSC PS P7 B3 F5 P3C; 
A02 P6 82 84:0SC 83 84 83 Fl P29:0UT B3 Bl:ENO; 
INS 0 6:SET P~:OSC P5 P7 83 F6 P30; 
AD2 P6 B2 aq:asc B3 34 B3 Ft pzq;our B3 Bl:END: 
CQM~E~T:FOR ATTACK ANQ DECAY TIMES: 
INS 0 7:fNV PS F7 B3 P8 P9 PlO PJO:A02 ?6 82 84: 
OSC R3 84 83 Fl P29:0l!T ~· 3 Bl:ENO: 
SIA 0 4 12500: 
SEN 0 2 1 1 1; 
GEN 0 1 2 .0~1 10 .282 25 .112 40 .178 429 .159 473 .008 500 .001 512; 
GEN 0 1 3 .COl lS .500 434 .355 454 .Cl6 490 .001 512: 
GEN 0 1 4 .001 23 .560 4~5 .001 512: 
GfN 0 1 5 .001 10 .005 10, .224 418 .224 431 .17E 458 .001 512: 
GEN 0 1 6 .001 10 .009 21 .089 33 .022 45 .022 73 .112 226 .178 264 
.071 345 .062 4G8 .COl 512; 
GEN 0 1 7 0 1 .993 128 .999 256 0 384 0 512: 
NOT 1 1 .17 .~ 554 IC: 
NOT 1 7 .17 200 554 0 7.5 0 140: 
NOT 1 7 .17 l~C 1108 C 7.5 n 110; 
NOT 1 7 .17 350 1652 0 12 0 85: 
NOT 1.00 7 .15 ?lC 2216 0 14 C 80: 
NOT 1.00 7 .14 !GO 2770 0 24 0 65: 
NOT 1.00 7 .}4 ?CC 33?4 C 27 C 60: 
NOT 1.00 7 .14 99 387R 0 32 0 5C: 
~OT 1.00 7 .14 20C 4432 C 3C C 60; 
NOT 1.00 7 .14 80 4985 0 35 0 so; 
NOT 3 1 .15 .5 2S3 10: 
NOT 3 7 .15 50 293 0 10 a 140: 
NOT 3 7 .1~ 80 58G 0 10 0 110: 
N~T 3 1 .15 too a1~ o 12 o as: 
NOT 3 1 .15 175 1172 0 ]7 0 8C: 
NOT 3 7 .15 lRO 1465 0 25 0 65: 
NOT 3.CI 7 .15 15C 1758 C 30 C 6G: 
NOT 3.01 7 .lS 100 2051 0 35 0 ~o: 
NCT 3.01 7 .1 7 ?C 2344 C 35 0 60: 
~or 3.01 7 .14 so 2637 o 40 o too; 
~ QT 3.01 7 .}4 8~ 2930 C 40 0 100: 
~~ o T 3 • o 1 1 • 1 It 1 4 a 3 2 2 3 o 4 s o 1 o o ; 
NOT 3.01 7 .1~ 9 0 
NOT J.Ol 7 .13 45 
~QT 3.01 7 .13 25 
NOT 5 1 .4 .4 784 

3~1~ 

3809 
4102 
zo: 

NOT ~ 2 .4 pOC ?64 c; 
NOT 5 3 .4 AOO lSGB o: 
~or c 4 .4 eo r 2352 c: 
N~T 5 5 .4 800 3136 a: 
NOT 5 E .4 8C C 3 920 c: 
N~T ~ .0 1 .7 .4 3 30 ~0: 

c 
0 
0 

NOT ~.0 2 .7 1400 ~30 o: 
~ ~ 0 T c:, • C' 3 • 7 1 C C 0 1 c; 5 C 0 ; 

4S c 100; 
40 0 100; 
45 0 90; 
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NOT 
NOT 
NOT 
NOT 
TER 

6.0 4 .7 1000 2490 0 : 
6.0 5 • 7 1000 3320 0; 
6.0 6 • 7 !COO 4150 0 ; 
6.8 1 • 1 0 50 0; 
8 : 

SUBROUTINE CONVT 
COM~QN JP(lCltPflOOJtGClOOOJ 
IFCPClJ.NE.l.JGOTOlOO 
F=Stl.IGC4) 
P ( 6) =F * P { 6 ) 
IF C G ( 10) . G[ ... 5 JGOT0200 
IFCPC3J.EO.l.JGOT010 
IFf PC 3) .E Q. 7. ) G 0 T 010 
PC7J=FIP(4) 
GOTOIOO 

10 Pt5l=.Ol * P( 5 J•Pt6l 
PC7J=F•PC7J 
GOTOlOO 

70 FfNV=F•.25 
PC '3) =· OOl•P( 8J 
Pf9J=.OCl•Pf9) 
PC lO>=.OOl•P( 10) 
P(9J=Pt4)-PC8)-P(lC) 
IFCP(9) >2• 3,4 

2 P(e.l=CPCe>•PC4JJICPC8)+P(10)) 
P ( 10) = ( P ( 10) •P ( 4) ) I ( P ( 8) +P ( 10) ) 

3 P(9)=12~. 

G 'J TO 5 
4 P(9J=FfNV/PC9) 
5 PCBJ=FENVIP(BJ 

P(lCJ=FENVIPClCJ 
GOTQlOO 

2CO Pf6J=PC6J•PC3J•lO. 
P ( 7 l =F I ° C q ) 
FENV=F•.2~ 

PC'3l=.OOl•Pt8) 
PC9l=.OCI•PC9) 
P( 10>=.001•?( 10) 
PC9J=PC4)-P(8)-D(lCJ 
IF(P(3)J202t203t204 

202 PCP >=CPC8J•PC4) JICPC8)+P( lCJ) 
P ( 10) = C P ( l 0 J • P ( 4 J ) I ( P ( 8) +P ( 10) J 

?.0? Pf9>=12g. 
GOT0205 

704 Pf~l=FE~V/Pf9) 

205 PC~O=Ff~VIPCBJ 

P f 1 0 ) = F F.: r, V I P ( 1 C ) 
100 RE TUR'-! 

jf ~00 / ~\l~ 
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#201 

This is the same run as #200, but played back at a 

sampling rate of 5000Hz ins tead of 12,500Hz--hence all 

frequencies are multiplied by .4, all durations are multi-

plied by 2.5. 



#210 

This run ~ives some examples of brass-like sounds 

synthesized with more economy of specification than in #200, 

using an instrument designed to produce sounds whose spectra 

depend upon the amplitude of one component (cf. J. C. Risset 

and M. V. Mathews, Physics Today, Feb. 1969). It must be 

noted that this instrument is by no means l.imited to the 

production of this type of sounds: the components need not 

be harmonically related and the functions used can be entirely 

different. 

The instrument (#l) is diagrammed here. The amplitude of one 

partial (which will be in this example harmonic #1) is con-

trailed by function F8, used with the ENV generator; the 

r7 p8 Pg ~ 5'""·,\br ~~c.. ~\ock's 

·--! 

. I 
I . 
I I 

i I 
I' ___ I _I . 

maximum amplitude of this component ls determined by P5, and 

has to be smaller than 512. The output of the ENV generator is 

input-output block B3. B3 is used as amplitude input of the 
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oscillator generating the contribution of harmonic #1, and 

also for another purpose. Hence B3 has to be reserved in 

this instrument, it cannot for example be used as output for 

another oscillator. For each harmonic, B3 is used as sum for 

an oscillator with a frequency increment of 0 (Vl = 0), which 

performs simply as a function look-up unit. E.g., for 

harmonic #2 the output of thi s oscillator will be the product 

of V22 by the value of stored function F2 for an abscissa equal 

to the current value stored in B3 (e.g., the current value of 

the output of the ENV generator); this output is stored into 

B4 and used as amplitude input for the oscillator generating 

the contribution of harmonic #2--the frequency input being 

the produce of the fundamental frequency P6 by the constant 

V2 = 2. Hence the value of the amplitude of harmonic #2 is a 

prescribed function of the amplitude of harmonic #1 (this 

function being determined by V22 and by F2). Similar basic 

block s of unit generators give, in a similar way, the amplitude 

of each harmonic as a prescribed function of the amplitude 

of harmonic #1. Hence the spectrum of the sound depends upon 

the amplitude of harmonic #1. 

Fundamental frequency is given in . Hz by P6. Attack time 

and decay time are given in s by P7 and P9; the C0NVT subroutine 

comp~tes the steady state time as P4-P7-P9. 

The example includes two sections, which differ by the 

constants V22, ... , V28 and the functions F2, ... , F7 used with 
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the instrument. Hence the way the spectrum depends upon the 

amplitude of harmonic #l is different in the two sections; 

however in both sections it retains one important characteristic 

of brassy tones, namely the fact that the proportion of hi gh 

frequency energ y increases with the int e n s ity of the sound. 

In the fir s t s ection functions F2 to F7 are as plott e d 

(Plot attached). All functions have value .05 for abscis s a 

50: when lst harmonic's amplitude is 50, 2nd harmonic's 

amplitude is V22 x .05, (in this case 1000 x .05 =50), 3rd 

harmonic's amplitude is V23 x .05, and so o n. Thus when 

P5 = 50, the amplitude of the successive harmonics are 

proportional to 1000, V22, V23, · .... When P5 increases from 

value 50, due to the functions used the contributions of 

harmonics #2, 3, ... , 7 incre as e re s pective ly 2, 3, ... , 7 

times as fast. Overloading (peak amplitude higher than 2048) 

occurs when P5 i s between 80 and 90. So the useful range for 

P5 is from 0 to 80 (but the sound is sinu s oidal for P5 < 33). 

The first sound is a long tone with dynamics represented 

by sf-p-cresc, to illus trate how the spectrum brightens when 

the amplitude increases. Then follow 9 s hort sounds of varied 

amplitude, with a large amplitude overshoot at the beginning 

of the sound. The attack time used is 50 ms (larger than in 

mos t actual trump e t s ound s --b e c a u se of th e unu s ual way the 

h:-lrmonic ~; c o m(; -in). 
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In the second section, slightly different functions 

F2 and F3 and different values for V22 to V27 are used. The 

section comprises five sustained notes and one crescendo note. 

It is useful to add to the instrument a MLT generator 

to scale the output by a factor specified on the note card: this 

permits for example to have the instrument played by several 

voices, with P5 = 80 for each of them, without overloading. 

(Merely reducing the value of P5 for each voice would change 

the spectrum.) 

The sounds of this example are not presented as good 

imitations of trumpet sounds: the spectrum is not reproduced 

accurately and in particular there is no formant structure; 

there are not enough components, and there is no frequency 

control. (Both formant structure and frequency control could 

of course be incorporated in this type of instrument.) On the 

other hand, using this type of control of the spectrum, one 

can obtain somewhat "brassy" sounds with only 3 functions, one 

controlling harmonics 2 and 3, the second one controlling 4 and 

5, and the third one controlling 6 and 7. Also, as mentioned 

before, the utility of this type of spectrum variation is not 

limited to brass-like sounds . . 

Note: In the printout for run #210, semicolons (;) are 

replaced by dollar signs ($). (This run was performed on a 

machine without a ; in the character set.) Also GENl is for 

this example defined with abscissas ranv,ing from 0 to 511. 
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COMMENT CSIMPLIFTF.O BRASSY SOUNDS$ ff 2.10 
INS 0 1 $f NV PS FR 83 P7 P8 P9 P30$0~C 83 P6 84 Fl P 29$0UT 84 Bl$ 
osc V22 Vl 84 F2 8 3$ML T P6 V2 BSSOSC 84 85 B4 Fl P27$0UT B4 81$ 
osc V23 Vl 84 F3 B3!lMLT P6 V3 85$00C 84 135 84 Fl P2 5 S OUT 84 81$ 
osc V24 Vl f34 F4 8 3$Ml T P6 V4 BSSOSC 84 BS 84 Fl P23$ 0UT 84 81$ 
asc V2,5 Vl 84 F5 8 3~. ML T P6 vs 8S$0SC 84 85 84 Fl P2 l$CUT 134 Bl$ 
osc V26 Vl 84 f 5 ~ 3 $Ml T P6 V6 BSSOSC B4 85 84 Fl P l9«GOUT 84 Bl$ 
osc V27 VI 34 F7 B 3$~L· T P6 V7 85$0SC 84 BS 84 F l P l7$CUT 84 8l$ENO$ 

CUM~ENT Tn 5ET S[N£RAL CONVT$ SV2 0 10 2 6 107$ 
SV3 0 1 0 2 3 4 5 6. 7$ 

S V3 0 22 1000 2000 1'300 1250 1000 850$ 
GfN 0 2 1 1 1 It 
"; [N 0 1 2 0 c 0 33 • 2 100 0 SllSGEN 0 1 3 0 0 0· 40 . 3 100 0 Sll$ 
GEN 0 1 4 0 0 c 43 .4 }00 0 511!tGEN 0 1 5 0 0 0 45 . s 100 0 511$ 
GEN 0 1 6 0 0 (') 4') .6 100 0 Sll$GEN 0 1 7 0 (" 0 46 .7 100 0 511$ 

r; E "·' 0 1 8 0 0 .. 5 128 .99~ 256 0 384 0 511$ 
NO T 1 1 5 ~0 5 54 • 05 5 .25~ 

Gf N 7 1 R 0 0 .99 100 .65 110 .8 128 .6 256 • .3 300 0 383 0 ~ll$ 

Nf1T 8. c; l .3 45 554 .os 0 .1$ 
~t O T 9 1 • 3 50 554 .os 0 .1$ 
NOT 9. 5 1 • 3 55 554 .os 0 • 1$ 
P<!I'J T 10 I .3 RC 554 .05 0 • 1$ 
NOT 10.5 1 • 3 60 554 .os 0 .1$ 
NO T 1 1 1 .2 65 554 .05 0 .1$ 
NO T 11~5 1 .2 7 () 554 • 05 0 • 1$ 
NOT 12 1 .2 75 554 .os 0 • 1 $ 

NOT 12. 5 · 1 • 3 80 554 .os 0 • 1$ 
src 14~ 

S V3 0 22 4000 5000 2400 4000 1000 5000$ 
GEN ,., 1 2 0 0 0 33 .05 50 .110 100 c 511$ 
GE~ o· 1 3 0 0 0 40 • 05 50 .120 100 0 Sll$ 
GEN 0 3 R 0 45 85 0 0$ 

NOT 1 l .6 50 582 .os -~ .15$ 
NOT 2 1 ·6 60 682 .os .4 .15$ 
NOT 3 1 .6 70 682 .os .4 .15$ 
NOT 4 1 .f; 80 682 .os .4 .15$ 
NOT 5 1 3 85 682 · .OS 3 .2Cfi 
TEP q~ 
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This run gives an example of how the same waveshape can 

give different tone qualities, depending upon the amplitude 

envelope; here are presented sounds which could be described 

as "reedy" (like oboe or bombarde sounds) or "plucked 11 (like 

harpsichord sounds). Also an example of 11 choral effect 11 is 

given. 

Instruments #1, 2, 3 I 

These instruments are 

diagrammed here. They give 

waveshape Fl with an envelope 
( SUo'W\ ) 

defined by functions F2 to F7. 

The sum of the waveshape 

oscillator is stored in a 

Pass III variable: this 

permits click-free 11 legaton transitions between successive notes 

(that is, transitions where the amplitude does not go to 0 at 

the end or the beginning of the note). 

Instruments #1, 2, 3 are defined by functions F2, F3 ·and 

F2 respectively for the envelope: but these function numbers 

can be modified in the note card, using SET. The functions 

used insure long attacks and decays (longer than 50 milliseconds) 

and 11 legato 11 transitions between successive notes. 

Function Fl comprises 11 harmonics. This same function is 

used in instrument #4. 
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The first section plays an excerpt of a Brittany folk 

melody with one voice (produced by instrument #1) . The scale 

is not equally tempered; the leading tone is conspicuously 

low . The tone quality reminds of a double reed instrument . 

The second section plays a similar melody , but with 

three voices played by instruments l to 3. The frequency 

and time differences between the voices (up to a several per 

cent difference in frequency and up to .08s in time) somewhat 

evocates the sound of a number of players (choral effect). 

(From a single voice, the additional voices note cards could 

be generated automatically by use of a simple PLF subroutine.) 

The third section plays a related melody with the same 

waveshape Fl but with a short 

(exponential) attack and an 

exponential decay . This 

section uses instrument #4, 

diagrammed here . Function F8 

gives an exponential attack 

and decay between land 2- 9. 

The notes of this section 

have no steady state, an 

exponential attack time of 10 milliseconds which corresponds 

to a very sharp attack, and an exponential decay time varying 

between . 5s and 2s. The tone quality reminds of a plucked 

string instrument. 
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COMMENT:SAME SPECTRUM FOR REEDY AND PLUCKED SOUNDS: 
COMMENT:SAHPLING RATE 20 KC: . SIA 0 4 20000: 
INS 0 l:SET P8i0SC PS P7 Bl F2 PJO:OSC B3 P6 83 fl V1iOU T 83 B l :£ ND ; 
INS 0 2iSE1 P8:0SC P5 P7 B3 F3 P30:0SC B3 P6 83 'fl V2iOUT 83 Bl~E NO: 

INS .0 3;SET P8i0SC PS P7 B3 f2 P30;0SC 83 P6 83 Fl V3iOUT B3 B t :ENQ; 
INS 0 4:ENV PS t8 83 P7 P8 P9 P30iOSC B3 P6 B3 Fl P29iOUT 83 Bl:E NO; 
COMMENT:To· SET GENERAL CON~T; 
SV2 0 10 2 6 -1; 
S V2 0 ·2.0 2 6 -7 ; 
SV2 0 30 2 6 - 7; 
SV2 0 40 2 6 107: 
GEN 0 2 1 40 30 35 50 10 20 15 0 2 5 3 11: 
GEN 0 3 2 0 10 8 6 7 6: 
GEN 0 3 3 0 7 8 10 5 5; 
GEN 0 1 4 .6 0 .9 120 .7 3aa .8 4aa .6 512i 
GEN 0 1 S ~S 0 .6 240 .5 512: 
GEN 0 1 6 .6 0 .9 20 . 3 32a 0 512i 
GEN 0 1 7 .5 0 .8 40 .2 300 0 512: 
GEN a 6 8 9 .99 .9 9 9: 
COMMENT:BREIZ BOMBAROE TYPE: 
COHMENT:ONE SINGLE VOICE: 
NOT 1 1 .5 600 486 .5iNOT 1.5 1 .25 60a 615 .25 4: 
NOT 1.75 1 ~ 25 600 648 .25:NOT 2 1 
NOT 2.5 1 .25 600 972 .2S:NOT 2.75 
NOT 3 1 .25 600 820 .2SiNOT 3 .25 1 

. N.O T 3 • 5 1 • S 6 0 0 8 2 0 • 5 : N 0 T 4 1 2 
SEC 7: 

.s 6ao 729 .s: 
1 . 25 600 89a 
.25 600 729: 
600 729 2 6; 

COM~ENT:T~REE VOICES FOR CHORAL EFFECT: 

.2s: 

NOT 1 1 .5 1200 q86 .S 2:NOT 1.03 2 .s SOa 492 .5 3: 
NOT 1.08 3 .s 300 473 .5 2: 
NOT 1•5 1 .25 1200 615 .25 4:NOT 1.53 2 .25 Soa 6la .25 5; 
NOT }.58 3 .25 30 C 629 .25 4; 
NOT 1.75 1 .25 12a0 648 .25:NOT 1.78 2 .25 500 660 .25i 
NOT 1·83 2 .25 SO C 625 .2s; 
NOT 2 1 ·.5 12a0 729 .S:NOT 2.03 2 .5 5aO 719 .5; 
NOT 2.08 3 .5 300 741 .s; 
N 0 T 2. 5 ·1 .- 2 5 12 0 0 9 7 2 • 2 5 ; N 0 T 2 • 53 2 • 2 5 50 0 9 9 a • 2 5 i 
NOT 2.58 3 .25 300 950 .25; 
NOT 2.75 1 .25 1200 89a .2S:NOT 2.78 2 .25 sao 880 .25; 
NOT 2.83 3 .25 300 884 .25: 
NOT 3 1 .25 120a 820 .25:NOT 3.03 2 .25 5aa 830 .25; 
NOT 3.08 3 .25 30C 809 ~25: 
NOT 3.25 1 .25 120a 82a .25:NOT 3.28 2 .25 SaO 835 .zs; 
NOT 3.33 3 .25 30C 807 .25: 
NOT 3.5 1 .S 120a 820 .S:NOT 3.53 2 .S saa 848 .5: 
NOT 3.58 3 . • s 300 800 -.s; 
NOT 4 1 2 1200 729 2 6iNOT 4.03 2 1.99 500 722 1.99 7; 
NOT 4.08 3 1.92 300 743 1.97 6i 
SEC a; 
COMMENT:PLUCKED SOUND; 
NOT 1 4 .5 6aO 486 .al a 2 :NOT 1.5 4 .25 700 615 .al 0 1 
NOT 1.75 4 .25 700 648 .01 0 1 : 
NOT 2 4 1 6aa · 486 .01 a 2iNOT 2 4 1 6aO 615 .01 0 . 1.5; 
NOT 2 ~ 1 ~00 729 .01 0 1.5: 
NOT · 2.S 4 .50 70a 1944 .01 0 .9iNOT 2.75 4 . SO 70a 1728 .a1 a .9; 
NOT 3 4 .25 700 1640 .01 0 .s:NOT 3.25 4 .25 700 1458 .al 0 .5~ 
NOT 3.5 4 .s 7aO 1640 .01 0 1 iNOT 4 4 .9 600 1458 .01 a 1 
NOT 4 4 .8 600 1230 .01 0 1 :NOT 4 4 .9 600 731 .01 0 1 ; 
TER 6: 
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This run compares different decays. 

Instrument #l is diagrammed here. 

All 4 instruments are 

similar, they only differ 

by the function numbers. 

(For simultaneous voices, 

one cannot use the same 

instrument with different 

functions; for successive notes 

one could redefine the function 

or use SET unit generatorJ 

The first section compares linear and exponential decay. 

Linear decay is controlled by function F4: 

0 
~ ~2 

Exponential decay is controlled by function F5: 

;t-~ 
1 Sf :2 

lst note: linear decay, duration 2s 

2nd note: exponential decay, duration 2s 

3rd note: linear decay, duration 2s 

4th note: exponential decay, duration 4s 

(Linear decay seems to decay slowly then suddenly disappears; 

exponential decay is more even and give s a r es onance impres sion. 
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The beginning of a linear decaying note is comparable with 

the beginning of an exponentially decaying note of longer 

duration.) 

Note: 2-S=l/256. To get an uncut exponential decay, one 

should make sure that the amplitude controlling func-

tioD decays to a ·final value not larger than the 

inverse of the maximum amplitude used, since when 

the amplitude is smaller than one sample, the sound 

is.lost in the quantizing noise. (E.g., if maximum 

amplitude is 1500, one should have a function decaying 

to 2-11=1/2048.) 

The following notes consist of 3 waveshapes--F6, F7, F8--

decaying at different rates; in this order: 

5) all 3 waveshapes at same frequency 440, longest decay for 

component with least high frequency content (a "natural" 

situation, since high frequencies decay faster in pianos, 

bells ... ); 

6) same as previously, except that components have slightly 

differen~ frequencies 443, 440, 441--to give beats similar 

to those due to inharmonicity (or bad tuning) in piano 

sounds; 

7) all 3 waveshapes at frequency 440, with the unnatural situa-

tion of having component with more high frequency energy 

decaying slower; 

8) same as previously, with component frequencies 443, 440, 

441; 
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9) same as 5) 

#300 
- 3 -

10) same as previously, with exaggerated differences in 

component frequencies (448, 444, 440). 

·-

A-44 



COMMENT:OEC~Y STUDY ON TAPE M2804: 
INS 0 l:05C P5 P9 53 F4 P30:SET PG:CSC 
INS Q 2;osc P5 P9 83 FS ?30:5£T P5:0SC 
INS 0 3;0SC P5 P9 83 F5 

1
P30:SE1 PG;CSC 

INS 0 4:0SC PS P9 83 ~s P30:SET P6:0SC 
Gf~ 0 1 4 .ag 1 0 512; 
GE~ ') 7 5 -8: 
GEN 0 3 5 0 JC 10 10 0 -10 -10 -10 o; 
GEN 0 2 7 1 .5 .3 .2 .15 .12 6; 
GEN 0 2 8 1 .z .CS 3; 
CO~MENT:TO SET GfNEQQL CONVT: 
svz 0 10 2 7 -c;; 
5V2 0 20 2 7 -9i 
svz 0 30 ? 7 -g: 
~ v 2 0 ~~ Q 2 7 - 9 ; 

83 P7 
33 P7 
83 P7 
B3 P7 

4f 3oo 
83 F7 P2~;our 83 BliENO: 
33 F6 P29:our 93 Bl:ENO: 
83 F7 P2~:ouT 83 BI;ENO: 
33 f'S P23;our B3 B 1; E NO; 

COMME~T:T~ICE LINEAR THEN EXPONENTIAL DECAY ONE COMPONENl ONLY: 
~0T l 1 2 1700 7 440 0 z; NOT 4 3 2 1700 7 440 0 2: 
NOT 7 1 2 1700 7 440 0 z:NOl 9 3 4 1700 7 440 0 4: 
SEC 15: 
COMM(~T:TRJPLE DECAY: 
NOT 1 2 .1 1000 6 440 0 .1: 
NOT 1 3 l.P. 350 7 440 0 1.8: 
NOT 1 4 3 200 8 440 0 4: 
SEC 5 : 
NOT 1 2 • 1 1000 6 44 3 c • l 'i 
NOT l 3 1 • p. 35C 7 440 0 1. 8 ; 
NOT 1 4 3 200 8 44 1 0 4: 
src 5 ; 
NOT 1 4 • t 1000 R 440 0 • 1 ; 
~OT 1 3 1. 8 350 7 440 0 1. 8 ; 
NOT 1 2 '7 20 a t> 44 0 0 4; J 

SEC c; • - . 
NOT 1 4 • 1 1000 8 443 0 • 1 ; 
NOT 1 3 1.8 350 7 440 0 1 • 8 ; 
NOT 1 2 '7 zoo r 441 () 4; ..) 0 

SEC c; • - . 
NOT 1 2 • 1 1000 

,.. 440 0 • 1 ; 0 

NOT 1 3 l.e. 350 7 440 0 1. 8: 
NOT 1 4 3 200 8 44 {) 0 4; 

SEC. c • 
.J • 

NOT 1 2 • 1 1000 f, 44 8 0 • 1; 
NOT 1 3 l • 8 35C 7 440 0 J • 8 : 
NOT 1 4 3 200 8 444 0 4; 
TER 5 ; 
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This run plays this motive 

with a sound reminding of 

a piano. 

For this run, 4 kinds of notes are distinguished and treated 

differently: 

l)brief and low notes played on instrument #1. 
~ ~ 

(duration <.2s, frequency <250Hz) 

The amplitude is 

controlled by F3: 
f) 

·'14 

·'t 
.;t 

0 
1 10 ;l..oo 4-oo ~lA. 

For a duration smaller than about .2s, this function will give 

a sharp attack; the decay consists of 3 linea~ portions: the 2 

first approximate an exponential shape, the 3rd tries to 

imitate the effect of a damper. 

The wave form is given by Fl, which consists of 10 harmonics. 
fj .. ~Mpli"tuc:\'l i _ 

_ I l l :.\ \ • . t e "> \-\~o"'i{ '-\u~ba..r-
~~~~~~~~0~------~ 

With lOKc sampling rate, all the harmonics will be heard with-

out foldover up to a fundamental frequency of about 400Hz. 

2)brief and high notes pl~yed on instrument #2. (duration 

~ ~ 
<.2s,frequency >250Hz) 
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This instrument is similar to instrument #1 except that the 

waveshape is given by F2, which consists of only 7 harmonics. 

~=;. : A-~l,~k. l I 
._ _ _. _ _....1_,"--A.J -'-........,,...._ _____ ~) H l!.J~O~( ~l.vW\.hv-

7 

3)long and low notes played on instrument #3. (duration ~2s, 
'V 

frequency >250Hz) 

This instrument is similar to instrument #1, but here the 
fi,.<~~ 

amplitude is controlled by F4. 1 ~ 

.2-61 "--------
~==~~~====~~--~~ 

-6 F4 decays exponentially from 1 to 2 =1/64. Thus the duration 

of the note corresponds to 6/10 of "reverberation time" (time 

for the level to drop 60 db). In this example, "long" notes 

last between about .4 and .8s, and this would correspond to 

a "reverberation time" of the order of ls, which is shorter 

than that of a real piano (around ls at 2000Hz, around lOs 

at 200Hz). (However, in real pianos the initial decay rate is 

higher, thus the discrepancy is not as large as it would seem 

from these data.) 

'V 4)long and high notes played on instrument #4. (duration >.2s, 
'V 

frequency >250Hz) 

This instrument is similar to instrument #3, but the waveshape 

is given by F2, as in instrument #3. 
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CCM~F.~T ~A f\!H. 3LLES ON lAPE :Vl485; -4=t 301 
COMMfi\T:RPIEF 1\CTES; 
CO'-'MENT:LOw NO Tf S; 
It\'S c 1; 0 sc P5 P7 ~3 F3 o3o:osc B3 P(, 83 Fl P29:0UT B3 B 1; E NO ; 
CO~~ENT:HIGH \JOTf5; 
I~'~ 0 :::os~ PS P7 83 F3 P3o;osc 83 P6 83 F2 P29;ouT 93 B 1 i E NO; 
':()~MENT:LONC "!CTfS; .. 
CIJM~["· T:LCW N C 1[ S : ~ 
i:"'S ~ );O<;C os P7 ~~ 3 f="4 P3Q;QSC 33 P6 83 Fl P 29: oil r B3 B 1 i £NDi 
c 0. M ~ f ~- T : 1-1 I G H t\ C TE ~ ; ~ 

INS " 4;osc P') P "! 83 F4 P3o;osc 33 06 83 F2 r->29;our B3 BliENO: ' I 

S!.l\ 0 4 !COCO: 
CQMMENT ~ETPO~O~E MARKINS 1SQ;SV2 0 2 30;SV2 0 30 0 150 15 150: 
('('M~[~T:l0 t-..OTE WAVE; 

~~N ~? 1 .158 .316 1 1 .282 .112 .063 .079 .126 .071 lOi 
CQMMf~T;HJ ~O~E WAVE: 
SEN 0 Z ~ 1 .2 3 2 .o~q .1 .071 .089 .050 7; 
CO~Mf~l:S~ORT ~CTE ENVELOPE; 
GE~ 0 l 3 0 1 .999 10 .4 200 .2 400 0 512i 
f0~Mfi\T:LCNG 1\CTE fNVfLCPf; 
Sf:"~ " ') 4 [ " . .... -o, 
NOT 1 3 1 • 5 f; 3CC 1 c l.f 1 ; t-.: C T 1 3 1.1;6 300 175 
NOT l 3 1. 6S 300 233 l;NOT 1 4 1.66 300 277 
~; t; T 1 4 1 • c; 6 3CO 330 1 ; 
NOT 1. 5 3 1. 10 250 .2C 7 l;NQT 1.5 4 1.16 250 
f\.10T 1 • 5 4 l·lf. z~c 440 1 ; 1\i 0 T 1. 5 4 l.IG 250 
NOT 2.66 1 • 34 300 104 l:NOT 2.C.5 1 .34 300 
f\' 0 T ?.66 1 .34 ~cc ?33 1 ; t\i 0 T 2.()6 2 • 34 300 
NOT z.ss z • )4 300 330 1 ; 
~: 01 3 3 1 4CO 207 1 : N r 1 3 4 1 400 3Lf9 1 ; 
NOT 3 ,~ 1 400 ... ~ u e 1; N0 T 3 4 1 400 554 1 ; 
f\Ol 4 .3 ? 250 1C4 1 ; ~c T 4 3 2 250 ltt7 1 ; 
NOT 4 3 , 25 f) l~S l;!\1 ·1T 4 3 "l 250 196 1; < '- · 

f\'CT 4 3 2 25C ~ 3 ~) 1 ; 
NOT 5 3 1 300 207 1 ;~-JOT 5 4 1 300 zg4 1; 
~OT ') 4 1 300 33C 1 ; N 0 T c: 4 1 300 392 1 ; -' 

NOT s 4 1 300 4~4 1 ; 
r-:or f, 3 1 • 5 f. ?CC 104 };t-\CT 6 3 1.66 3CO 175 
NOT 5 3 1.66 3C0 2 33 1 a!OT 6 4 1.66 300 277 
NOT f) 4 J • 6 6 ?.C~ 330 1 ; 
NOT r;.s 3 1. 1 G 250 ?.07 t:NOT 6.5 4 1.16 250 
r\OT 6.5 4 1 • 1 (; 25G 440 1 :NOT 6.5 4 1.16 250 
NOT 7.6f.. 1 • 34 300 104 l:NOT 7.66 1 • 34 300 
NOT 7.56 1 .34 3CC 233 1;t\OT 7.66 2 .34 300 
NOT 7.66 2 • 34 30() 331 1 ; 
NOT f< 3 1 400 2C7 1; N0 T 8 4 1 400 349 1 ; 
NOT 8 4 1 400 4 "4 0 l ; 
NOT 8 4 1 400 554 l ; 
NOT <3 3 2 250 104 1; NOT 9 3 2 250 14 7 1; 
NOT 9 7 2 250 1 G :, 1 : N n T 9 3 2 250 196 1 ; 
NOT 9 3 ? 250 233 l ; 
~OT 1 c 7 1 3t;C 2C7 1; ~0 T 10 4 1 300 294 1 ; -· 
NOT 10 4 l 300 330 };NOT 10 4 1 300 392 1; 
NOT lC Ll 1 30C 4?4 l ; TE R 15; 

S U :3 q IJ U T I ~J E r:~t-~VT 

C0~~0"~ IPClC) tPflOO)tG( 1000} 
IF(P(l).N~.t.lGOTOlOO 

F=~· 11./G(4} 

P(Gl=F• 0 (6) 
P(7>=F/P(4) 

JOC P. f 1 L R "J 
E~" 

1 ; 
1; 

349 1; 
554 1 ; 
175 l; 
277 1 ; 

1 ; 
1; 

349 1; 
554 1 ; 
17 5 1; 
277 1 ; 
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#400 

This run gives a few percussive sounds reminding of a 

drum--with and without snares. The lst and the 3rd sections 

are played back at a sampling rate of 20,000Hz, and the 2nd 

section is played back at a sampling rate of 5000Hz, as 

specified in the score. 

Instrument #l is used to generate these percussive sounds 

(it is also used in example #410). It is diagrammed below: 

Ps P.,- V .. V1 

This instrument gives a sound which is the sum of a 

frequency band, of a sine wave and of an inharmonic spectrum. 

The frequency band is generated by random amplitude 

modulation of a sine wave Fl. The center frequency is given 

by Vl*, the half bandwidth by V2*. The envelope is given by 

function F2, which 

decays exponentially 

from l to 2- 12 . 

* third-pass variables 
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F4 is a sine wave-~1t is the lOth harmonic or the 

fundamental frequency specified in P6. Thus if P6 = 20, 

the actual frequency of this sine wave is 200 . . The envelope 

is given by function F8, which decays exponentially from 

-8 l to 2 . 

The "iriharmonic" spectrum is, in fact, an approximation 

to an inharmonic spectrum, obtained by playing a wave con-

taining only high ord~r harmonics at a very low frequency. 

F3 comprises harmonics #10, 16, 22, 23: thus with a funda-

mental frequency (specified in P6) of 20, this will give 

component frequencies 200, 320, 440, 460. The envelope is · 

controlled by F2. 

The amplitudes for the noise band, the sine wave and 

the inharmonic spectrum are given respectively by P5, V3* 

and V4*. 

Section l gives the following pattern 

J ::I~D , ,, r1 ; F!J J n J ,o _, J J J J ~ tl 

played with a snare-like effect given by a noise band cen-

tered .at 4000Hz and of 3000Hz bandwidth. The sine wave 

component has frequency 200Hz. 

* third-pass variables 

A- SO 
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Section 2 gives the following pattern 

~ :: 150 ,... 3 -, 

1 tJ ~ t i j • 
3-' 

i \\ 

played ''without snares 11
: there is no noise band ( P5=0). 

The four pitches correspond to fundame ntal fr e quencies o f 

120, 140, 150, and 160 Hz. 

Section 3 gives the following pattern 

1\ 

played again with snares. 



COMMENT:ORU~ ~NO SNARE DRUM ON TAPE M3586 FILES 2 3 4; 
ro~~ENT:To SKIP FILE I:SFN 0 5 1: 
COM"'1Ef\JT:SNARF.i 
COMMENT:4 KC CE~TER 3 KC BA~O ~OISE 200 H2 SINE AND ME~BRA~E ~PEClRL~; 
:OMM[NT:20 KC S~~PLTN~i5IA 0 4 20008; 

t~s a 1:nsc P5 P7 q 3 F2 
r:J~r P3' Vl 8~ Fl P2E:;;QU1 
05C V3 P7 3 4 ~2 °2S:SET 
OSC V4 P7 95 F 6 P2 3:5fT 
GE "J 0 2 1 1 1; 
t:[ N 0 7 ? -1 2 : 

P3C:RAI\J 
R3 f3 1 ; 
og;lJSC 
rg;asc 

33 V2 

84 P6 
55 PG 

33 P29 p 2 3~. p 27; 

~ 
84 F3 ? 24; 1\JT B4 Bli 
85 F4 F22;rur B5 Bl;ENO; 

GE N 0 4 3 1 10 n 1 ~12 1.5 16 0 1 512 2 22 0 1 512 1.5 23 0 1 512 
~f ~ c 4 4 1 10 0 1 512: 
GE N n 1 7 0 l .99 S 0 100 0 512: 
GEN 0 ,. ~ -R: 
s v3 o 1 10 0 55 300 soo; 
NOT .4 1 .2 lCOC 20 O; 
NQT .R 1 .2 1000 20 o; 
NOT 1 . 1 1 .15 1000 20 o; 
NOT 1.? 1 .z 1000 20 0; 
NOT l. G 1 .2 1000 20 O: 
NG T 1.~ 1 .15 1000 20 o; 
NOT 2.0 1 .2 1000 20 O; 
NnT 2.4 1 . 2 1000 20 o: 
Nr.T ?..B 1 .2 1000 20 O; 
NOT 3.1 1 .15 1000 20 o: 
NOT 
1\JOT 

~ .., 
... e L 

3.5 
1 .2 1000 20 c: 
1 .2 tooo 20 o; 

NnT 3.9 1 .15 1000 2C o; 
NOT 4.0 1 .2 1000 20 o: 
~ OT 4~4 1 .?. 1000 ?0 O; 
Nr.T 4.A 1 .2 1000 20 0: 
NOT 5.2 1 .2 JOCC 2C C: 
NOT ~.G 1 .2 1800 20 0: 
~OT 6.0 1 .25 13CC 20 o; 
SEC tl: 
CO~~E N T:TC WPITf END OF FILE MARK: GEN C 5o; 
CrJM..,.ENT:ORU~';CQ~A-1EI\JT:5 KC S .~~PLII\JG:SIA 0 4 5000; 
fOM~E~T:MEMBRA~~ ~PECTRU~tSINE ~AVE.~C ~OISE BAND; 
sv1 o 1 7.5 z.s soc tsoo: 
NOT .4 1 .3 0 1? ~;~OT .F 1 .2 0 16 0: 
NOT 1.07 1 .~ 0 12 o:NOT 1.2 1 .2 0 16 o; 
NOT ].S 1 .3 ~ 1~ C:NrT 2.0 1 .25 0 14 c; 
NQT 2.4 1 .23 G IS o: 
NOT 2.6 1 .27 0 15 0: 
NOT 3.07 1 .23 ~ i5 o;NQT 3.2 1 .23 0 15 o; 
NOT 3.F 1 .23 ~ 15 C: 
NOT 4.0 1 .23 0 15 o; 
SEC 6: 
CQHMfNT:T1 WRITE £NO OF FILE MARK: GEN 0 5 o: 
rOMMfNT:SNARE ORL~:C1~MENT · :zo KC SA~PLING;SIA 0 4 20000; 
SEN 0 7 2 -12: 
GE~ 0 1 1 0 1 .99 5 C ICC 0 512: 
SE"! 0 7 8 -8: 
:.v3 0 1 100 65 30G vr.o; 
N 'JT .4 1 • 15 1000 20 Q;NOT .6 1 .2 1000 20 0; 
~.: or 1.07 1 .2 1000 ?.0 0: 
~OT 1.2 1 • 2 1000 20 fJ : 
NOT 1. 6 1 .2 1000 zc 0; 
~!OT ?.0 1 • 2 lOCO 20 0; 
p.,;or 2.4 1 .:zs 1200 20 O:NQT 2.9 l .15 1000 20 o; A-52 
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N1T 
NO T 
NOT 
NOT 
'JOT 

"!0 T 
~'1T 

~: oT 

NOT 
~: ~ T 
~OT 

"·!QT 
TE f{ 

3.0 • 1 5 100() 20 o; 
3.1 1 • 15 1000 £'C 0; 
3.2 1 .2~ 1000 20 o: 
3.55 ! • 1 :, 70C 20 0; 
3.~ 1 .., 

700 20 0: • !.. 

4.0 1 • 1 5 RCC ?C 0 ; 
4.05 ! .15 200 20 0; 
4. 1 3 1 • 1 s 80G 2f. 0 ; 
4.20 1 • 15 8 00 20 o: 
4.?? 1 .1') 8 0C 2C " . v. 
4.3:. 1 • 15 BOO 20 0; 
4.4 1 .22 L ?OC ::c 0; 
5; 

S UB r.? C t T ! ,._y C 0 N V T 
f1~MQ~ IPC10JtP(l00), G fl000) 

I F ( P f 1 ) • '" '-"" .. 1 • > G C T 0 1 0 C 
F = 5 1 1 • I r; ( tl ) 

~ ( F, )=f"•D(h) 

P C 7) =f."J!"(IJ. ) 

IF( P f 3) .[0.1. }Gf1T!Jl00 
P(S)=P(SJ•Gflll 

10 0 Pf.TrR!\! 
ENQ 

~ 4oo, c.o-'G~ 
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#410 

This run gives a few percussive sounds. The two first • 

sections are played back at a sampling rate of 5000Hz, while 

they have been synthesized with a specified rate of lO,OOOHz: 

hence, for these two sections, the durations are the double 

and the frequencies are the half of those specified in the 

score. The two last sections, giving two bell-like sounds, 

are played back at sampling rate lO,OOOHz and the frequencies 

and durations are as specified in the score. 

Instrument #1 is used to generate the percussive sounds of the 

two first sections. It is diagrammed below: 

g 
This instrument , gives a sound which is the sum of a 

frequency band and of an inharmonic spectrum. This sound 

decays exponentially. 

The frequency band is generated by random amplitude 

modulation of a sine wave Fl. The center frequency is given 



-

#410 
- 2 -

by Vl, the half-bandwidth by V2.* The envelope is controlled 

by function F2, which 

decays exponentially 

from l to 2-7. 

The "inharmonic" spectrum is actually harmonic: an 

approximation to an inharmonic spectrum is obtained by playing 

at a very low frequency a wave containing only high order 

harmonics. For instance, spectrum l is generated by periodic 

waves comprising harmonics #10, #16, #22, #23, #25, #29, #32: 

at frequency 10 ~pecified by P6), this will give component 

frequencies 100, 160, 220 , 230, 250, 290, 320. Spectrum l is 

here obtained by the sum of functions F3, comprising harmoni~s 

10, 16, 22, 23, and F4, comprising harmonics 25, 29, 32: the 

envelope of F3 is controlled by F2, whereas the envelope of 

F4 is controlled by F8, 

which insures a faster 

decay for the higher 

components. 
S"l;;t 

By means of P7 and P9, functions F3 and F4 can be changed 

to other functions. Here, in addition to spectrum l, which is 

an approximation to a membrane spectrum, an approximation to th~ 

spectrum. of a struck metallic object has been tried: it is 

called spectrum 2. It is obtained by the sum of functions F5, 

which comprises harmonics 16, 20, 22, 34, 38, 47, and F6, which 

comprises harmonics 50, 53, 65, 70, 75, 77, 100. 

*The values of 3rd pass variables Vl & V2 correspond to a center 
frequency and a bandwidth of 1000 and 800 Hz at lOKc sampling 
rate, hence of 500 & 400 Hz in the sound example, recorded at 
5Kc .. 
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Instrument #2 is used to generate inharmonically related 

frequency components of bell-like sounds. 

ia a sine wave. Function F7, 

The waveshape Fl 

l>.., P, 

1- ' 

~. 
~ 
8 

controlling the ertvelope, 

decays exponentially from 1 

The lowest component 

frequency is specified in the 

score by Vll (Pass II variable); 

in a component note card, P6 

specifies the ratio of the frequency of a component to the 

frequency of the lowest component: C0NVT multiplies P6 by 

Vll. (E.g., if the components were harmonically related~ 

the P6 would be l, 2' 3 ... ) 
Section l includes 3 sounds of actual duration . 8' 2' 

and 4s played on instrument #1, first with spectrum l, then 

with spectrum 2, with a fundamental frequency of 50Hz. 

Section 2 includes 3 sounds of duration 18., 2, and 4s 

played on instrument #1 with spectrum, with a fundamental 

frequency of 150Hz. 

Section 3 gives a bell-like sound ptayed with instru-

ment #2. It consists of 7 components of frequencies 

proportional to l, 2, 2.4, 3, 4.5, 5.33, 6 having different 

decay times. The lowest component is at frequency 329. 

Section 4 gives a bell-like sound played with instru-

ment #2, consisting of only 4 components. 
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cn~t·H .. ~T:PER\.UC::Sir!'\; # 410 
COMMENT:T1DF Mll7?; 
CnMM[Nr~rr,R ORu~; 

INS 0 t:OSC PS 07 R~ cz ?30:RAN R1 V2 83 P2q P2q 027; 
OC:::f' P~ Vl R3 F1 P2F;;n11T R3 Rl: 
~~C V~ P7 q4 ~2 D25:5~T P8:~SC qq P6 qq F3 P24;QUT g4 ql; 
O~r V4 P7 g5 F8 C?~;C::FT o~:OSC 95 P6 85 F4 P??:CUT RS Bl:FNO; 
~v~ 0 1 ~~ 40 son so0: 
~nMMr~r:FGP prll~: 

IN~ 0 ?:nsc os 07 n3 r7 P30:0~C B3 P6 q3 Fl PZ~:ouT 83 8t:ENO: 
G r N 0 ? 1 1 1 ; ri r ": n ""1 2 -7; 
C'lMM~~·JT~roR <;,....,rc:ro!J~A 1; 
~EN 0 h 3 1 10 0 1 Sl? l.S 1~ 0 1 51? 2 22 0 1 ~12 1.~ 23 0 1 512: 
~E~ r 4 u 1 25 n ! Sl? .5 ?9 0 1 ~12 .2 32 n 1 ~12; 
:.'1M~ft\T:FCP SPrr.TRUII.I .., . 

.! , 

Sfll..t r 4 r . J. J.C " l 51? 1 ?0 
1 ~p r 1 ~ l 2 1 47 r 1 51?: 
Gf. N ~ 4 ~ 2 50 n 1 51? 1 C)3 
] 7~ r 1 512 1 77 (' 1 ~1? 1 
SE~ ~ 7 7 -o;r,r~ 1 7 ~ -1?: 
(' r ~H~ ~="" f\ T : D ~ U P-4 ; 

0 l Sl2 1 2? 0 l Sl? 

0 l 512 1 55 () 1 Sl2 
lCO 0 1 5 12; 

COM~E~T:FRfqU~N~V 10n HZ AT 10 KC ~AMPLING RATE: 
rnu~Et\T:SPfrTPU~l; 

~nT 1 l .4 50" 10 O:N~T 2 1 1 500 10 O; 
P-! r. T 7 • r. 1 2 s ~ o 1 c n ; 
C fl f-.1 ~E._, T ~ <; 0 f" C T P U ~ 7 : 

~ ~ 'l T r: 1 • 4 S 0 0 l 0 () 5 6 ; ~.' rc T 7 1 1 S 0 (' 1 C 0 c: 6 ; 
NnT P.~ 1 ? sao tn 0 s ~: 

t":r-c J?; 

CQNvE~T~FRFQUFNCV ~00 HZ SPFfTRUM 2; 
NrT 1 1 .q ~oo 30 o:NrT ? 1 1 ~no 30 c: 
NOT ~.5 1 2 500 7 0 n: 

C f1 M N E N T : ~ f" L l l I K F S n U ~lf"J S ~ 
C~NMFNT:LrWFST ~RFGUF~CY 32q: SV2 C 11 329: 

2 34 0 1 51? 

1 7() n l 5 L' 

NOT 1 ? ~ 2oo 1 o:Nnr 1 ? ?..8 700 ? o:NoT 1 2 2.1 200 2.4 o; 
N~T 1 ? ?.4 2n0 3 o:~~T 1 2 2.2 2r0 4.5 O;NrT 1 ? 2 300 ~.33 c; 
NDT 1 2 l·S ~no ~ c: 
srr. .::; : 
NOT l ? 4 400 1 o:NDT i 2 3.5 400 ? O:NOT 1 2 3.2 400 2.5 o: 
"·' n T 1 ? ? • q 4 0 c 3 • 3 G r. : 
TfO 7; 

~URr.tOUTTNf C:r1"-l\fT 
COM~ r N I P ( 1 C l • P f 1 0 C ) , S ( 10 0 0 ) 
IF ( 0 ( l ) • NF. 1 • ) r, f1 T r<~ l 0 Q 

f::-c-1l ·.IG(4} 
D(!;}=f="•~(t;) 

Pf7l=F/P(LJ) 

IF(O(~).F0..!.)~~T~i00 

P(t::l=P(r-}*G(ll) 

100 R~="TUD~• 

,::- f!Jr) 
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#411 

This run gives some more percussive sounds, with the 

instruments and functions described for #410. Here the 

sampling rate for playback is lO,OOOHz, as specified in the 

score. 

1st section gives 6 sounds of increasing pitches played 

on instrument #1 with spectrum 1. 

2nd section is similar to 1st section, but with spec

trum 2. 

3rd section gives 3 sounds of increasing durations and 

decreasing pitches with spectrum 1. 

4th section is similar to 3rd section, but with spec

trum 2. 

5th, 6th, and 7th sections give 4 bell-like sounds 

played on instrument #2. 
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C nMM[t..IT ~ pr Rl.lJS ~'inN; 
rn~~f~T~FrR oRu~: 
IN~ ~ 1:nsc PS 07 n3 ~2 P30:RAN 83 V? R1 pzq ozq P27i 
o~r P:! Vl 113 r-1 C'2£;:!li'T tt3 q1: 
~~C V! P7 qq ~2 nzs;srT PB:"SC q4 P6 qq F3 P2~iOUT ~~ ~1: 
o~r V4 P? P5 rr P? 7 ;SrT P9i~SC 85 P6 85 F4 P?2irUT P5 Bl:f~O: 
~v~ o 1 ~~ q0 sno son: 
~nMMf~T:F!.R prll~; 
IN~ 0 ?;QSC ~c 07 ~3 F7 PJO:rsc 3~ P6 B3 Fl pzq:auT 83 BliENO: 
G f N 0 ., 1 1 1 : G r ~~ , 7 2 -7 ; 
crp~~~NT~rr.R S.,f CTD tJ~ 1: 
~ E "J c tt 3 1 1 c o 1 .51? 1. 5 1 r n 1 5 12 2 2 2 c 1 r:: 1 2 1 • 5 2 ~ o 1 '3 1 2: 
SE~ n 4 4 1 2c n 1 51? .5 ?1 0 l ~12 .2 32 n 1 Sl2i 
f. n M Mf t.! T : C' CD ~ [' f. r. T R C •} ? • . 
GEt-.t ~ {l r: 1 ir:: 0 l 512 l 70 

1 ~P, r 1 C' 1 / 1 u7 0 1 51~; 

GE~J () 4 ~ 2 S0 ~ l 51? 1 53 

1 7~ ,.. 1 C::l? l 77 () 1 512 l 
GfN r 7 7 -Q:~~N 0 7 8 -t?: 
rn~~Fr\T ~~~u~; 

0 1 

0 1 
100 

COM~[NT:~RlrF S~UNOS SPECTRU~ 1: 
~ : r"T 

~~T 

Nf!T 
r.~ t1 T 

Nf".lT 
"! r) "f 
src 

1 _.., 
1·~ 
? 1 .., . Q 

~ .~ 

).R 
c: : 

1 .c tS0 5.P 3 3 ~: 

l .2 1.50 <3.~ r.: 
.tl 150 .l3.a f'l: 
l .3 150 ?? 0: 
1 .3 150 31.1 o; 
l .z 150 4q.~ rJ: 

c~~UE~r~qRI~F s~u~os S 0 ECTRU~ 2: 
~rT }.? 1 .~ 150 5.P ~ 5 E: 
N~T l·P 1 .2 15n q.~ 0; 
~nr ~ 1 .4 1~r 13. 0 ~; 

~~T ?.~ l .3 150 ?? 0: 
~nT ~.c: .3 1sr 31.1 0: 
NrT ~.~ l .2 15~ ~o.~ o: 
-;r-c ~: 

S12 · 

512 
0 1 

CrM~~NT~l~~GFP SOUNDS sorrTRUM 1; 
NrT 1 1 1 1~0 22 0 ~ 4; 
N~T 2 1 ? 500 l~.q 0: 
NOT 4 1 4 POO S.P n: 
<;EC 1r: 
Cn~~~~T:L~NGfP ~OUNr.~ ~P[CTPUM 2; 
N~~ 1 1 1 15r. ?.? 0 ~ ~: 

~~ rl T ? l 2 S 0 0 1 3 • q ') : 

NnT 4 1 4 300 s.~ n: 
c;~c 1r: 
C ~ M M[ "' T • P. ~ Ll 5; 

1 22 0 i 512 2 Jq () 517 

1 65 0 1 512 1 70 0 1 51? 
5 12; 

f.'1M~ff\T:fR(GU&::I\.1 Cr FI\LF. }r.q;~V2 0 11 lf!4: 
NOT 1 ? ? 400 1 c:~OT l 2 1.7 400 1.5 O:NOT 1 2 1.5 400 2 o: 
N~T 1 ? 1.3 40C ?.7 r:NrT 1 2 1.1 400 3.~ 0: 

~ 2f'l0 1 (I; t\!JT 5 7 
NnT 5 ? ;?.R 2no 1.~5 r. : Nn-r ~ ?. ?.4 200 

~OT c:; ? 
~nT c; 7 

2·7 2'10 ?. )0 n : 
2.1 ?0-C 3.S~ "': " l r.: l ~ 2 2 20C 4.97 C;NCT 5 2 1.5 200 

~Er. l n: 

-a o: 

5.33 

Nr11' l 
.., 

' 'nr 1 2 

3 zrn 1 o:NnT 1 2 2.8 2~0 2 o:~~T 1 2 2.1 zno ?..4 o: 
?·4 ?00 ? o: ~or 1 2 2.2 ..,oo q.~ o:NoT 1 2 2 ~oo 5.3~ n: 

~I, T 1 
';[C c;; 

Nr.T l 
!I"' T 1 
T[~ '7. 

. ' 

? 

? 
? 

1.c: 3CH1 f, c; 

4 Qrn 1 o:~~T 1 2 3.c: 4~n 2 o;NoT 1 2 3.2 400 ?..5 o; 
7.q 400 3.36 ('; 

o: 
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S U q o 0 U T r ~J f r r f\1 V T 

CrMIVON JPt !Cl .P( 10(') tGC 1000) 
!F{P(l ).NF.!. )r,f1Tf1100 
F::-~ll./G{4) 

O(f:.}::f:"'*O(.;:, ) 

Pf7)::t=""JP(I.J) 

IF<P<3t.r~.1.)~nTnlOO 

P(rl=P(t::}*f;(ll) 

10n PFTURN 
rN!) 
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#420 

This run gives percussive sounds reminding of gong sounds. 

There is a separate note card for each frequency component 

of the sound; all components are generated by instrument #1, 

diagrammed here. 

The waveshape Fl is a sine wave. 

Function F2 controls the envelope; 

F2 is decaying exponentially from l 

to 2- 7 . The component frequency is 

given by P6~ its initial amplitude 

by P5 and the duration of the decay 

by P4*, duration of the note. 

The frequencies of the components are not harmonically re-

lated. 

In the first sound, all frequency components decay 

synchronously. The spectrum is thus invariant; the effect re-

minds of an element of an electronic chime. 

In the second sound, the same frequency compunents have 

a decay time approximately inversely proportional to their 

frequencies (although this principle is not followed inflexibly, 

to give a more intricate decay pattern). The sound has more 

life and naturalness than the first one. 

The following sound consists of different frequency 

* This run has been computed with a sampling rate of 20,000Hz, 
but the sound example presents it played back with a sampling 
rate of 5000Hz. Hence actual durations correspond to 4 times 
the values indicated in P4; actual frequencies correspond to 
.25 ti~es the values indicated in PS. 
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CO~~E~T:GCNG LIKE SOUNDS: 
COMMENT:RUN 2 ON TAPE M3282 FILE 2:GEN 0 5 1: 
INS 0 l:OSC 0 ~ P7 B3 FZ P30~0SC B3 P6 B3 Fl P29;0Ll 83 Bl:ENO: 
COMMENT: PLAY AT A SA~PLING RAT£ OF 4000 Hz; 
CQMME~T:ORIGINAl SA~PLI~G RATE ZOOOC HZ; 
CO~MENT:PLAY AT A SA~PLING RATE OF 5000 HZ; 

SIA 0 4 20000: 

COMMFNT:HE~CE DUPAT!~NS ~LLTIPLIED BY 4, FREGLENCIES DIVIDED BV q; 
SEN 0 2 1 1 1:GEN 1 7 2 -7: 
CO~~ENT:FOR DE~CN~TRATin~ FIRST NGTE ~IlH SYNCHRONOUS DECAY; 
NOT 1 1 2.5 300 ~50 o:NOT 1 1 2.5 250 1110 o:NOT 1 1 2.5 200 1540 o: 
NOT 1 1 2.5 3CO ?420 o:NC1 1 1 2.5 lOC 1360 o:NrT 1 1 2.5 100 2E8C o: 
NOT 1 1 2.5 100 3250 o; 
SEC c;; 
NOT 1 1 2.5 JOO 960 o:NOT 1 1 2.4 250 1110 o:NOT l 1 2.2 200 1540 Q; 
NOT 1 1 .q 30C 2420 o:NOT 1 1 2 lCO 136C o:NOT 1 1 1.3 100 2680 c: 
NOT 1 1 1 10~ 32~0 o; 
NOT 5 1 2 300 970 o:NST 5 1 1.9 250 123C o;~Ql 5 1 1.7 100 13EO o: 
NOT 5 1 1.2 zno 1536 c:NOT S 1 .9 100 2048 o:NOT 5 1 .7 15J 3280 o: 
SEC E.: 
NOT l 1 2.5 150 960 o:NOT 1 1 2.4 125 1110 o:NOT 1 l 2.2 150 1540 o; 
NOT 1 1 .8 100 2420 o:NO~ I 1 2 5C 13EO o;hOT 1 1 1.3 50 2680 c; 
N~T 1· 1 1 50 3250 o: 
~QT 1.7 l 2.2 200 ?.65 o:NOT 1.7 1 2.1 150 1050 o:NOT 1.7 1 1 250 1430 o; 
N~T 1.7 1 1.3 100 1210 ~:NOT 1.7 1 1.1 100 1260 o; 
NOT 1.7 1 1.9 }CO 1540 o:NOT 1.7 1 1.6 100 1930 o: 
N~T 1.8 1 2.9 300 370 o:NOT 1.8 1 2.7 250 1230 o; 
NOT J.P. 1 2.5 ICC ·1360 o;NOT 1.8 1 I.E 200 1536 o: 
N~T 1.8 1 1.2 100 2048 D:NaT 1.8 1 1.1 150 3280 o: 
NOT 3.2 l 3.q 150 9EC o:NC~ 3.2 1 3.2 125 1110 o: 
NOT 3.2 1 3.0 150 1540 o:NOT 3.2 1 2.1 50 2420 o; 
~QT 3.2 l .8 JbC 136C o;NCT 3.2 1 1.6 5C 2f80 o; 
NOT 3.2 l 1.1 50 325C o; 
TfR 8: 

SUBROUTTNf COt..JVT 
CCM~ON TPCIC> ,PflOC),Gf 1000) 
!f(P(1l.N[.l.lG1TO!OO 
F=5Il./GC4} 
P{Gl=f*P(f)) 
Pf7l=F/P(4) 

100 RETURN 
END 
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This run gives three successive approximations of a bell 

sound. 

There is a separate note card for each frequency component 

of the s ound; all components are generated by instrument #l~ 

diagrammed here. 

The waveshape Fl is a 

sine wave. Function F2 controls 

the envelope; F2 is decaying 

exponentially from 1 to 2-10 . 

The component frequency is given 

by P6~ its amplitude by P5, and 

the duration of the decay by P7. 

(P(7) = P(4)). 

Ps- P7 P~ 

l I 

~ ...,... __ ........... 

The frequencies of the components do not form a harmonic 

series; however, they are not arbitrarily inharmonic. In most 

actual bells it is attempted to approximate the following ratios 

for the lst 5 components: .5, l, 1.2, 1.5, 2 (corresponding for 

example to the following succession of notes: G, G, B flat~ D, G, 

called respectively hum notes, fundamental, minor third, fifth, 

nominal}. Here the frequency ratios of the components are as 

follows: .56, .92, 1.19, 1.71, 2, 2.74~ 3, 3.76~ 4.07. 

In the first sound~ all these frequency components decay 

synchronously. This gives an unnatural sound. 

In the second sound, the components have a decay time 

approximately inversely proportional to their frequenciP~ 
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(although this principle is violated in one instance where a 

lower component decays faster: this gives a slight bounce a 

little after the beginning of the sound). The sound is much 

more natura l, yet still a little dull. 

In the third sound, each of the two lowest partials is 

split into two components of slightly different frequencies 

(224 and 225, 368 and 369.7). This causes beats which add some 

life and warmth to the sound. It is likely that in real bells 

partials are split into two close components, due to departure 

from rotational symmetry. 
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C 0 M MEN T: BELl E X PE RIME NT S ; ~ 4 3 Q 
COMMENT:ON TAPE Ml485 FILE 4i GEN 0 5 Ji 
COMM[NT:5 KC SAMPLING RATE; SIA 0 4 50QQ; 
INS 0 liOSC P5 P7 B3 F2 PJOiOSC 83 P6 BJ Fl P29iOUT 83 Bli8NOi 
COMMENT:TO SET GENERAL CONVT; SV2 0 10 2 6 -7: 
GEN 0 2 1 1 1i GEN 0 1 2 -10; 
COMMENT:SYNCHRONOUS DECAYi 
NOT 1 1 20 250 224.5 ZOiNOT 1 1 20 400 368.5 20; 
NOT 1 1 20 ~00 476 2CiNOT 1 1 20 250 684 20i 
NOT 1 1 20 220 800 20iNOT 1 1 20 200 1096 zo; 
NOT 1 1 20 200 1200 20iNOT 1 1 20 150 1504 20i 
NOT 1 1 20 200 1628 20i 
SEC 21; 
COMMENT:NON SYNCHRONOUS DECAYi 
NOT 1 1 20 250 224 20iNOT 1 1 12 ~00 368.5 12i 
NOT 1 1 6.5 400 476 6.5iNOT 1 1 1 250 680 7i 
NOT 1 1 5 220 800 5iNOT 1 1 q 200 1096 4; 
NOT 1 1 J 200 1200 JiNOT 1 1 2 150 1504 2i 
NOT 1 1 1.5 200 1628 l.s; 
SEC 21i 
COMMENT:NON SYNCHRONOUS DECAY AND TWO SPLIT PARTIALS; 
NOT 1 1 20 150 224 20iNOT 1 1 18 100 225 lSi 
NOT 1 1 13 150 368 13iNOl 1 1 11 270 369.7 11i 
NOT 1 1 6.5 400 476 6.5iNOT 1 1 7 250 680 1i 
NOT 1 1 5 220 800 SiNOT 1 1 4 200 1096 q; 
NOT 1 1 3 200 1200 JiNOT 1 1 2 150 1504 2i 
NOT 1 1 1.5 200 1628 l.Si 
TE R 22 i 
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#440 

This run gives some drum-like sounds with variable 

frequency (plus a non drum-like sound). 

The sounds are generated by instrument #3, which uses 

among its inputs the output of degenerate instrument #2. 

Instrument #2 is used to effect pitch changes. It is a 

degenerate instrument, the output of which P6 

goes into BS. Function F2 controls pitch 

evolution. P6 gives the duration of the 

frequency cycle (which for all examples of 

this run coincides with the note duration--

in fact it is made slightly longer to be sure to avoid a recycling 

of the frequency function at the end of :!the note. This can 
;; · 

happen due to round off errors in the irtcrement value, especially 

with computers of 24 bit word length). P5 = l. 

Instrument #3 comprises 3 parallel oscillators with different 

envelope controls, as shown by the diagram. 

f>tg 

. \ 

One of these oscillators generates the funnamental of maximum 

frequency 160Hz (F3 is a sine wave.). The amplitude is controlled 
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by F6. In all examples given 

here (except the last note) 

#440 
- 2 - Jf\ 

F6 
-~~ 

the attack time is lOms or 30ms ~~~~lJ--~ 
0 .. 

(note this is not a linear \2g S"1:t -

attack--otherwise these times would be smaller), the "steady" 

state lasts Oms or 30ms and the decay time is about l.6s. 

The two other oscillators play waveshapes F4 and F5, which 

comprise high order harmonics of a low fundamental--in order to 

imitate an inharmonic set of partials. (F4 comprises harmonics 

3, 4, 5, 6: with Pll = 75, this oscillator will give frequencies 

225, 300, 375, 450; similarly F5 comprises harmonics 8, 9, 10, 11, 

12, 15, 17, 18~ with Pl6 = 61, which yields frequencies between 

.3s to decay to l/1000 of the initial amplitude for all notes 

except the last one). 

The lst section plays 2 notes with constant pitch--the 2nd 

note has a longer attack and a 30ms steady state for the funda-

mental. 

The 2nd section is similar, but the pitch is going up a 

minor third from the beginning to the end of each note. 

The 3rd section is similar, but the pitch is going up then 

down during each note, since the frequency is controlled by 
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function F2 as drawn here. 

#440 
- 3 -

1 
·4 ~ 
-~ ~------------+-~--~-----~~-~--

-4 ~" n~ 
The 4th section is similar, but the pitch is going down a 

minor third from the beginning to the end of each note. 

The last section gives a note generated with the same 

instrument but with parameters differi0g very much from the 

previous ones, especially a .9s attack time for wave F5 and an 

attack time occupying practically all the duration (2s) of the 

note for wave F4. This in only to show how easily a computer 

instrument designed for a particular purpose can be used to give 

different types of sound. 
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CO~~ENT~VARIA9Lf. PITCH DRUMS; 
SIA o 4 sooo; 
COMMENT:F~R PITC~ VARIATION: 
INS 0 z;Q~C P5 °F S5 F2_ P30:ENO; 
C 0 ~MEN T-: ~ 0 i:? 3 C '] ~ ° CJ N E !\J T S ; 
INC) 0 3:F":V ?S F e 32 °7 P8 P9 P30: 
MLT PS 85 Bs;~sc 82 86 B2 F3 P29;QUT B2 g1: 
[NV DlO F7 ~3 Pl? Pl3 Pl4 P2e: 
MLT Pll RS S7: J 5C 2 3 37 q3 F4 P27:0UT 83 81: 
ENV ~15 FP r4 °17 Pl 8 Pl9 P25: 
MLT ~16 S5 S3;J~C 3 4 8i ~4 FS ?25:0UT 84 Bl:ENO: 
COt-1~E~T :To SET CE 1\[ P~l _ CCNVT: 
SV2 0 20 1 -o· 

SV2 () 30 5 r c 107 11 112 15 
GEt--1 () 2 3 1 1 ; 
Gf.N r. 2 4 0 c .. 1 • 3 .2 r:-·' l 

SEN 0 4 5 10 Z3 r 1 512 3 3 

2 1 1 0 1 512 3·· 1: ~) 1 51 2 
CQMMENT:FOR ENV E L~~E; 

G E N 0 5 . 6 1 C • ~ ·J • :l 1 C ; 
GENa 6 7 . 8 .~9 .9 9 24; 
GEN 0 ~ 8 8 .9S .jS 4C: 

11 7 ; 

0 1 
7 15 ~ 

512 5 10 0 1 512 
() 1 512 2 17 0 1 512 

COMME!\JT:CONSTA\T PITC~; GEN 0 1 2 .99 1 .99 512; 
NOT 1 2 1.53 1 1. G3; 

1 18 0 1 512: 

NaT 1 . 3 1 • 6 2 1 o o·o. 1 6 o • o 1 o o 1 • s 6 o o 1 s • o 1 o o 1 • 6 1 3 o o 6 1 • o 1 o o 1 • 61 : 
N C T 3 2 1 • 7 1 1·. 7 ; 
NOT 3 3 1.6G 10~0 160 .030 0 1.6 500 75 .010 0 1.65 300 61 .010 0 1.65; 
s~c s; 
COMMENT:UP ~ ~I ~ ; •Jr:: 30 .85 1: GEN 0 1 2 .85 1 .99 512; 
NnT 1 2 1 •. 53 1 1 .• '.:, ~; 

NOT 1 3 1.52 10 0 0 150 .010 0 1.6 600 75 .010 0 1.61 300 61 .010 0 1.61; 
NOT 3 2 1 • 7 1 . 1 • 7 ; 
NOT 3 3 1. ES lCOO 150 • 0 3.0 0 1.6 600 75 .010 0 1.65 300 61 .010 p 1.65; 
src c: • 

... ~ i , 

cn~MENT!Q<;CILL .JITCH; G.EN 0 2 2 • 1 • 9 1 ; 

t\OT 1 
.., 1 .6 3 .1 1 '1: 7. • 
L .4 • •. ) _, ' 

NOT 1 3 1.62 lC'JO lSO • 010 0 1.6 600 75 .010 0 1.61 300 61 .010 0 L. 61; 
NOT 3 2 1. 7 1 1 • 7 ; 
NOT 3 3 1. 6S 1000 150 .030 0 1.6 600 75 .010 0 1.65 300 61 .010 0 1.65; 
SEC c. • 

. ) ' 
CO~~ENT!D:JWN .1\ '-'~I ~H.F~ 30: GEN 0 l 2 .99 1 .85 512; 
NOT 1 2 .1 .6 3 1 1. G 3: 
NOT 1· 3" 1. 62 lOJG 160 .010 a 1.6 600 75 .010 a 1.61 300 61 .010 0 1. 61 ; 
NOT 7 2 ..) 1 • 7 1- 1 "l • 

e I f 

NOT 3 3 1.66 1000 15Q .030 0 1. 6 600 75 .010 0 1.65 300 61 ~010 0 1.65: 
src t; : 

COMME~T:NOTE WI~H N~N REALISTIC PARAMETERS: 
NOT 1 2 2 1 z; 
NOT 1 3 · 2 1000 1~8 ~010 0 1.95 600 75 92 0 1.9 800 61 .9 0 ~8: 
T( R 4; 

) 
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This example presents a fragment obtained through mixing 

from runs #200, 301, 400, 410, and three other runs. 

Three of the original sounds (excerpted from #200 and #4lO) 

underwent transpbsitiori by speed changing before mixing, the 

others did not undergo electroacoustic madification (except of 

course amplitude control). Some tape splicing was involved to 
":,•1 

excerpt single sourids from #200 and #410 ~nd to place each 

element at the proper time. A chart of the beginning of the 

mixing is given. 

As can be heard, the synchronizatr~on if not bad; with good 

tape recorders, it seems easy most of the time to achieve 

satisfactory synchronization up to durations of 30s to lmn. 

In connection with this, it should be noted that tape recorder 

speeds often go down substantially, due to changes in tape 

tension, when one approaches the end of a reel (this has been 

studied by F. Harvey and J. McLean). 

The runs used in this episode and not presented among the 

previous examples are briefly described below: 

(1) a cluster of sinusoids, forming the 

following chord: 

together·with two brief episodes 
. . . . 

played by a simple instrument with 

feedback (c.f. ,#510), and noted 

as follows: 
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(2) a run analagous to #301, but where the spectra are 

gradually moved from a low region (below aroung 600Hz) to 

- a higher region (between about 500 and 2500Hz) by , means 

redefining the functions giving the wavesh~pe in the course 

of the run; 

(3) a run analagous to the 2nd section #410, but with a lower 

pitch (frequencies about twice lower) and a regular beat: 

J J 
p 

The remarks mentioned for #512 apply to this example. 
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This run presents what might be called a "spectral 

analysis of a chord": for each note of the chord, successive 

harmonics are gradually introduced. This is performed auto-

matically by subroutine PLF3, listed with the score and 

describe d below. The example is in stereo, with a sampling 

rate of 20,00 0Hz for each channel; it is played backwards, 

becaus e it was desired to terminate on the fundamental notes 

of the chord. (This can be done also by using negative values for TS. 

PLF3 is a first pass subroutine, called by the following 

data statement: 

P(l) 

PLF 

P(2) 

Action 
Time 

P(3) P(4) P(5) P(6) P(7) P(8) 
, 

3 NC N TS FACT DD 

It operates on a number of subsequent note cards, and this 

number is specified by NC: e . g., if NC=4, PLF3 will operate 

on · the 4 note cards following the PLF data statement. The 

instrument number has to be 1 or 2, and these instruments 

must be such that P(6)* gives the note frequency F. PLF3 

will add to each note card it operates on N note cards of 

frequencies 2F, 3F, ... , (N+l)F, played alternately by instru

ment number 1 and 2. If the action time of the original note 

card is AT, the action times of the added note cards will be, 

respectively, AT+ TS, AT+ 2TS, ... , AT+ NTS. In examples 

#500 and #501, the instrument 1 and 2 give the same tone 

quality respectively in the left and .the right channel. This 

* From now on, the P fields refer to note cards P fields--the P 
fields of the PLF3 data statement are referred to as NC, N, TS, 
FACT, DD. 
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alternation between instrument can be used as well, for 

instance, to get alternate harmonics of different timbres 

or intensities. 

PLF3 provides for a multiplication of P(5) by FACT 

from one harmonic to the next. (If FACT < 0, P(5) is left 

the same.) This can be used for example to increase (or to 

reduce) the amplitude by a constant factor from one harmonic 

to the next. 

Finally, the successive harmonics note durations are 

related to the fundamental note duration D by D-DD. If 

DD=O, they have the same duration as the fundamental, as in 

the figure: ~~" Jr-

The total duration 

of the sound is given .2.F 

F 
in this case by D + N X TS. I '" ~ .. ~L 0 T5 j) 

,. 

If DD=TS, the pattern is as on the figure. In this case 

f'~,~"'-7 ~ 

the total duration -
J)~ o::.TS 
<-->-------t of the note is 

equal to D. ~-----------------~---~~ ~~e 

Care must be taken to avoid negative durations if DD>O. (DD 

can as well be negative, to give harmonics lasting longer 

than the fundamental.) 

In 

noted: . 

example #300, 

$..£} 

~ 
~ 

PFL3 is applied to the note of a chord 

• I 
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A different PLF statement is used for each pair of bracketed 

notes: 4 harmonics of gro up 1, 8 harmonics of group 2 and 

10 harmonics of group 3 are generated--at different rates, 

such t hat the overall duration is the same for all groups. 

(Actually the very end of the sound--which becomes the 

beginning since the example is played backwards--has been 

cut out.) All notes are played by instrument #l or #2, which 

are identical, except that 1 plays into the left channel and 

2 into the right channel. Instrument 1 is diagrammed here. 

Fl is a sine wave. 

This instrument gives 

a parabolic attack 

and decay, since F2 is a 

linear attach and decay 

as draw here, and 

since the output of the 

amplitude controlling 

generator is multiplied by itself (which yields the dotted 

curve). 
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COMMENT:SPECTRAL ANALYSIS OF A C~ORD TO BE PLAYED BACKWARDS: 
COM~ENT:TAPE ~1084 FILE 2;COMMENT:TO SKIP FIRST FILE;GEN 0 5 1; 
COMMENT:G SHARP 0 GNATURAL E B A SHARP USE SPECIAL PLF3: 
COM~E~T:PARABOLIC ATTACK AND DECAY SAMPLING kATE 20000:SIA 0 4 2COQO; 
I~S 0 l:OSC PS P7 33 F2 P35;MLT B3 33 84:0SC 34 P6 84 Fl P34: 
S T R 8 4 V 1 B 1 ; E f\D ; 
INS 0 2:0sc PS P7 33 F2 P35:MLT 83 83 B4:0SC 84 P6 84 Fl P34; 
STR Vl 84 Bl;Et-;O; 
GE~ 0 2 1 1 l:GfN 0 3 2 0 2 4 6 8 10 o; 
COM~[~T: G SHARP 0 G NAT~RAL E B A SHARF; 
PLF 1 3 2 10 1 0 O:NOT 1 1 2 500 lOB z;NOT 1.01 2 2 500 294 2; 
PLF 1 3 2 8 1.25 C o;~Ql 1 1 3.75 500 392 3.75:NOT 1.01 1 3.75 500 659 
3.75: 
PLF 1 3 2 4 2.5 l:NOT 1 1 7.5 500 988 7.S;NCT 1 1 7.5 500 1865 7.5; 
TER 15: 

SUBROLTit\E CONVT 
COMMON !P( lOl1Pf 100) tG(l000) 
IF (PC 1) .~E .1. )G:JT0100 
F=511./G(4) 
P(5l=SQRTfP(5}) 
P(6l=F•P{6) 
Pf7)=F/Pf7) 

100 RETURN 
END 

CPLF3LI31 PLF3 FOR LBl 
C GENERATES HAR~ONICS WITH ALTERNATING INSTRUMENTS 
C OPERATtS ON NOTE CARDS OF INSTS 1 AND 2 
C P(SJ AMPLITLDE•Pf6) FREGU~NCY ON ~OTE CARQS 
C ON PLF CAROt P(4) SPECIFIES HOW MANY FOLLOWING NDTE CARDS WILL 
C BE OPERATED ON 
C P(5l GIVES THE NU~8£R OF HARMONICS GENERATED 
C Pf6) SPECIFIES TIMf SEPARATIO~ BETWEE~ HARMC~ICS 

·c Pf7) SPtCif!ES THE AMPLIUD£ MULTIPLIER FROM ONE HARMONIC TO NEXT 
C PC8) GIVES THE DURATION DIMINVTIO~ FROM ONE HARMGNIC TO THE NEXT 

SUBROUTINE PLF3 
COMMON IPllCltPflOOltOC2000l 
NC::P<4t 
N=PCS) 
TS=Pt6) 
f'ACT=Pf7) 
00=!='{8) 

_DO 1 T=l•~C 
CALL RE .I\01 
CAlL WR 1 TE 1 ( 1 0) 
F = P (,.6 l 
DO 2 J=l•N 
Pt6)=FLOATfJ•ll•F 
PC2J=Pf2)+TS 

C T 0 C H A NG E I N 5 T S N U M BE R F R 0 M 1 T 0 2 AN 0 V I C E V £ R S A 
A!NST=Pf3)-1. 
IF<AINST!3t3t4 

3 PC3J=2. 
GOTOS 

q Pf3>=1. 
5 CONTINUE 

If(FACT.GT.C.l Pt5l=Pf5)•FACT 
Pt4l=Pt4)-00 

2 CAll WRITElClC) 
1 CONTINUE 
!CO RETlJRN 

END 
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Th i s run is simi lar to #500: the same harmonics from 

notes o f the s ame c ho rd have been generated by PLF3 (c.f., #500) 

(excep t t hat a longer portion has been removed from the end of 

the sound--which again be come s the beginning s ince the example 

i s played bac kward s ) . 

The d i fferenc e in tone quality is due to the difference 

i n the e nvelo p e o f each comp onent: instead of a gradual 

paraboli c a tt ack and de cay, each harmonic (for the example 

p laye d bac kward s ) h a s an in s tantaneous attack and an exponen

t i al decay, c ontrolled by F7. 
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C8~~[~T:SPECT~AL ~~ALYSIS OF A CHORD TO BE PLAYED BAC~WAROS; 

CQ~MENT:G SHAqp 0 GNATU~AL E 8 A 5HARP USE SPECIAL PLF3; 
fQMMENT:INSTANT~NE C US ATlACK EXPJ~E~liAL DECAY; 
INS 0 1:1SC ?5 ? 7 03 rz P3S;OSC 83 P6 \4 Fl P34:STR B4 Vl Bl;END; 
II\!S 0 ? :r~C P5 P ' B 3 F2 ~35:0SC 63 P£. 1'4 Fl P34;STO VI Bq Bl:ENO; 
GE~! 0 2 1 1 ; s r: ~.~ '"' 7 ., 6; '-

Pl f 1 3 7 10 1 1 c ; ~- J 1 l 1 2 200 208 2i~CT l.Cl 2 2 2DO 294 2; 
PLF 1 ) z 3 1. 2 r:J 1 0 : "J ;J T l 1 3.75 200 j~2 3.7S;NOT 1.01 1 3.75 500 659 
3. 7 5; 
0 Lf 1 3 ? q z. ·~ 1 o :~JOT 1 1 7.5 200 98j 7.s;Nor 1 1 7.5 zoo 1865 7.s; 
Tf q 1 r:, ; 

S t: 1 ;:- J U T ! ~ ,: c-~ C: ; H ; V f 

~ ~ ~ "' 0 ·~ ~- ~~ < l C l • P f 1 0 G > ' S ( 1 0 0 0 l 
rr- ( n < l). \ :- .1. > ~:1 TJ 1 () ·J 
F=r.:l .. /r'_( q ) 

'">{ ( )=~="* 0 ( ~-,) 

P(7) : F/P(7} 

1 -') r. ~ f' T U P ~.J 

r r.; r: 

CPLF )L'~ l 0 L F 3 FCP l g 1 
C C. F. ~ ; f r,' /.1. T ~ :; H A f~ ~ ·. C td C S iol I 1 H A L T E R N A 1 .1 N G 1 N S T R U ME N 1 S 
C ~or ~ ~T E~ lN N~T~ CnQDS ~F IN5TS 1 AND 2 
C P{ S ) A ~ ~L:1L D Et 0 fE) FPFGU[NCV 0~ ~OTE CAR~S 

C S~ nLF c~ q J, P(4l SPE~IFICS HOW MANY FOlLOWING NOTE CARDS WILL 

C ~< 5 1 G IV F~ TH E ~UM ~ lR JF HAR~ O NI~S GENERATED 
C Pu_:. } ') '-'rc~rTt("_ 'li~ 1 [ SEPARf\TI '.J ~.; B .... TWEEN HAJ;MONICS 
C :) f 7 ) '-: " ~ C I F I ;: ~. T H E A M => L I U !J C i 'itJ L T I P l I E R F R 0 M 0 N E H A R M 0 N I C T 8 N E X T 

C P(R) S!V ES 7 H ~ nur ~ llON GI~I~UTIC~ F~CM CNE HARMONIC TO THE NEXT 
s u '3 !"? tJ u T : r~ ~ r ~- r- ~ 

. ~ ~ M 'A U 1\' T. f~ ( } C ) t p f } 0 (: ) f [' ( 2 0 0 Q } 

r,IC-:D(u) 

N=r>{ ~) ) 

TC::-:':)(S) 

Ft~CT::P(7J 

f)Q::D(j) 

or ~ I=l,~ : c 

f~I_L PE~Dl 

CALL W ~IT: lflC') 

F=Of5) 
r.,., 2 J = l• t 
~( S l::FLOAttJ+l)*f 
P~;")::F'(2)+T~ 

C Tn CH~NSE INSTS NU~3ER FROM 1 TQ ?. AND VICE VERSA 
.~ ~ t~ ~ T :: P C 3 ) - 1 • 
~ F f ~ I f'.l S T ) 3 , ::; , 4 

7 rL~ l=2. 

('"; 'J T~ 5 
4 °(3)::}. 
c C:J N fl ~JU'-

TFIFAC"T.GT.r:. l P(~) l::PC5l•FACT 

'1 { 4 ) :: D ( '.t ) - 0. [) 
'"' C."· Ll ~j~ IT~J (lCl 
1 C'l"JTI'\IUC:: 
lf'12 ~~Tt'R~~ 

c ".; r 
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This sound results from mixing #500 with itself at 

different speeds. The speeds have been changed in a way 

equivalent to playing back #500 simultaneously at a sampling 

rate of 40,000Hz, 20,000Hz , and lO,OOOHz. (This example, 

in stereo, is again presented backwards.) 

The remarks mentioned in #512 apply here. 
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This sound results from mixing #501 with itself at 

different speeds. The speeds have been changed in a way 

equivalent to playing back #501 simultaneously at a sampling 

rate of 40,000Hz, 20,000Hz, and lO,OOOHz. (This example, 

in stereo, is again presented backwards.) 

The remarks mentioned in #512 apply here . 

. . 
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This run gives a bunch of siren-like glissandi. 

In s trument #l 

Thi s instrument d e live r s 

a variable frequency s ound. The wave 

is a sine wave with feedback 

(a process suggested by 

A. Layzer). The frequ e ncy 

controlling oscillator has 

a cycle of 8s(P7) repeated ... .... 
3 times. 

Instrument #2 

This instrument gives a 

noise band with variable 

center frequency. The 

l/2 bandwidth is g ive n 

b y PS. The frequency cycle 

lasts 6s(P7). 

Instrument #3 

This instrument give s a wave with 

\ I s 7 s 7 s 7 
' 7 

:# .... 

P~ Pg 
J 

variable frequency. The frequ ency 

cycle (P7) lasts l2s. The wave 

g ive n by stored function F2 is 

truly periodic, but it simulat es 

the sum of inharmonically r e lated 

partials: the fundamental frequency 
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is 20Hz and the wave consists simply of harmonics #2l, 29, 39: 

thus frequencies 420Hz, 580Hz and 780Hz are present. 

F2 is a drastically varying function; to minimize noise 

due to roundoff errors, I0S is used here (This is the version 

of the oscillator which interpolates between 2 successive sam-

ples whenever the sum of increments is not an integer.). 

Instrument #4 

This instrument gives 

a sine wave with variable 
F8 

frequency. ~ ,___ 

Note: here the rate at which the frequency controlling 

functions are scanned is determined by P7 (converted 

by P(7)=F/P(7)): it is divorced from the duration of 

the note; in effect these functions are scanned several 

times for one note length. 
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,COMMfi\T:SIRENE POLP ~lJlAliQN; ...H:" r:-1 Q 
CO~MENT:T~PE 1779; ~ J 
~CMM[~T:cEEDBACK GLISSANDO; 
I~S 0 t:OSC P6 P7 84 FS P8;AQ2 BlO PS 811; 
CSC P.:l 84 BIO Fl P3o:ouT BlO BI;ENO; 
CO~MfNT:NOI~E BAND GLISSANDO; 
I~~ S 0 ?. ; PAN P 5 P 8 8 4 P 3 0 P 2 9 P 2 8 ; 
OSC P~ P7 35 F 5 P9;0SC 34 BS 95 Fl P27;0UT R5 Bl;ENQ; 
CCMMf~l:I~HAQ~O~IC GLISSANoa; 
INS 0 3;osc PS P7 34 F7 P8;IOS PS 84 35 F2 P3Q; 
0 U T P r: g 1 ; E NO ; 
COMME~T:SINES GLISSANDO; 
INS 0 q;osc PE P7 84 F8 PB;OSC PS 84 BS Fl P3C;oul BS Bl:ENO; 
SI~ 0 4 10000; 
GEN 0? 1 1 1: 
GEN 0 4 2 1 21 0 1 512 1 29 0 1 512 1 39 0 l 512i 
GEN 0 1 5 .ggq 1 .999 25 .318 231 .318 281 .999 487 .999 512: 
GEN 0 1 6 .377 1 .999 255 .377 512; 
GEN 0 1 7 .s 1 .5 15 .9 241 .9 271 .5 497 .5 512: 
GEN 0 1 8 .333 1 .333 8 .99g 248 .999 264 .333 504 .333 512: 
NOT 1 1 24 45C 88C a; 
NOT 1 2 24 400 16~0 s zoo; 
~OT 1 3 24 200 ZO 12: 
NOT 1 4 24 70 2400 3 o; 
NOT 1 4 24 70 240C 3 128: 
NOT 1 4 24 70 2400 3 256: 
~OT 1 4 24 70 240G 3 384; 
TE R 25; 
C SIP.E~E POUR ~UTATION CONVT 

SUBROUTINt= CONVT 
COM~ON IPCIC) ,DflOC> tGf 1000) 
IF(P(l).N£.1.lGOT0100 
F=511./G(uJ 
P(6)=F•PC5) 
PC7J=F/P(7) 
IFfPl3J.E~.Z.)Pt8)=F•P(8) 

100 REll!RN 
ENO 
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This run gives a bunch of simultaneous glissandi, played at double 
speed (20,000Hz sampling rate instead of lO,OOOHz). 
lst Section 

Instrument #1 

This in s tnument delivers a 

variable frequency sound. 

The wave is a sine wave 

with feedback (a process 

suggested by A. Layzer). 

The frequency controlling 

oscillator has a cycle of 

4.5s, repeated 4 times. 

Instrument #2 

This instrument gives a 

noise band with variable 

center frequency. Prr: h~lf b•~w-1~lt 

Instrument #3 

This instrument gives a 

variable frequency 

triangular wave. 

15. 
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2nd Section 

Instrumen t #4 

This instrument gives 

a glissando for six 

"parallel" voices, 

such that there is 

a constant fre quency 

difference betwe en the 

voices ( instead of a 

constant frequency ratio, 

#511 
- 2 -

f'a 

which would give a constant musical interval~. This was first 

done by J. Clough. 

Here the glissando is 

relatively narrow. The 

parameters P6, P8, P9, PlO, 

Pll, Pl2 correspond to an initial 

chord noted: 

~ z-- ----- ·~- -- ---- ·:if---;~--~:-=-==- -
---.-~ --

2~~:: ---~ 

••• 

... 
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C0"1MENT:GLISSANOI FOR LB; * Sll 
COMMENT!ON TAPE M2804.FILE 1: 
CO~M[~T:FEEOBACK ; 
t N S 0 1 ; SET P 9; 0 S C P 6 P 1 B 4 F 5 P 30 ; ,.,l T P 8 8 5 B 7; A 0 2 P 5 8 7 B 8 ; 
OSC BP. 84 86 fl P29; OUT 86 Bl; END; 
C0"1MENT:NOISE BAND; 
!NS 0 z; 
SFT P9: OSC P6 P7 84 F6 P30: RAN P5 pg 33 P10 P29 P28 : 
OSC B3 84 85 Fl P27; OUT 85 Bli END: 
COMMENT:SIMPLE GLISSANDO: 
I "15 0 3; 
SET pq; OSC P6 P7 34 F7 P30: OSC P5 84 35 F2 P29: OUT 85 31; END: 
S! A 0 4 1 00 00 ; 
GEN 0 2 1 1 1: GEN 0 3 2 0 10 0 - .10 0 ; 
GEN 0 1 5 .999 1 .999 50 .85 462 .8~ 512: 
Gft..J 0 1 6 .999 1 .999 20 .235 492 .235 512i 
GfN 0 1 7 .999 1 .99~ 25 .06 487 .06 512: 
NOT 1 l 18 300 208 4.~ .7: 
NOT 1 2 16.5 300 440 5.5 80: 
NOT 3.75 2 11 300 ~80 5.5 150i 
NOT 1 3 17.6 200 1864 2.2: 
NOT 1.7 3 16.9 200 1864 2.2: 
NOT 2.4 3 16.2 200 1864 2.2: 
SEC 20: 
~OMMfNT:MULTIPLE SYNCHRONOUS GLISSANDI: 
INS 0 4; 0SC P6 P7 B4 F8 P24: A02 84 P8 B5: A02 84 pg B6: A02 84 PlO 87: 
AD2 ~4 P11 88~ .1\02 B4 Pl2 89: OSC P5 84 84 Fl P30. : OUT 84 81: 
05C P5 85 85 F 1 P29: OUT BS Bl: OSC PS 86 86 F 1 pzg; OUT 86 Bl; 
OSC P5 87 87 Fl P27: CUT B7 Bl: 
05C PS 88 BB Fl P~6; CUT B8 81: OSC PS 89 89 Fl P25: OUT 89 31; END; 
GEN 0 1 8 .25 1 .25 30 .05 140 .25 200 .25 210 .SO 270 .75 290 .OS 512; 
NOT 1 4 20 300 10.55 20 4.402 9.~20 23.09 39.935 84.836: 
TER 2·2; 
CGCONVT CONVT FOR GLISSANDI L 8 

SUB R 0 U T I f'.l E C 0 N V T 
COMMON !Pf lQ),P( 100) ,GClOOOl 

·. IF C PC 1 ) • NE • 1. }G 0 T 0 1 0 0 
F =51 2. /G ( 4 ) 
PC7>=F/PC7J 
IFCP{3).£Q.4.lGOT0100 
P(6l=F•Pf6) 
If(P(3).E0.2.l P(8J=F*P(8l 

100 RETURN 
Er-Jo 
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This example presents sounds obtained by mixing from the 

sound of the 2nd section of run #511 (glissandi with constant 

difference in frequency between voices). 

The original sound underwent only transpositions by speed 

changing before mixing. What differs from one sound of this 

example to another are both the frequency regions of the 

sounds (low, medium, high) and the density of mixing, that is, 

the number of voices .. The densest passage has a mixing density 

of 36, and since ~he original sound comprises 6 voices, the 

final sound comprises up to 6x36, i.e., more than 200 voices. 

Theoretically sounds of this example could have been 

obtained directly from the computer, without later manipulation, 

since the sound manipulations performed electroacoustically (trans

position, mixing) are easy to do with Music V. But this process 

allowed to produce complex textures while saving computer time: 

and it is quite likely that · the sound quality of a computer 

run comprising such a large number of voices would be very 

poor, since there are only a few samples for the definition of 

each voice. Moreover this process allows to control the 

amplitude balance of the various components of the mixing . 

It is, of course, subject to well-known inconveniences: noise 

build-up, synchronisation problems (c.f., #490). 

1\- HCJ 

i 
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This run presents a little more than one octave of an 

"endless glissando", which could be pursued indefinitely since 

it is back to its original point after an octave "descent" 

(c.f., R. N. Shepard, J.Acoust.Soc.Am.,~,l964,pp.2346-53; 

J. C. Risset, J.Acoust.Soc.Am.,~,l969, p. 88 (abstract only) 

The gliding sound 
Ps- P~ 1"7 

comprises 10 components, 

all generated by 

instrument #1, diagrammed 

here. 

Function F3 controls the frequency of the components. 

It goes down exponentially 1 

from 1 to 2 -10 (10 octaves 

below). For each component, 
;2-iO 

-1 ~l;l. 

the initial sum is specified in P9; the value of theE:.e sums 

for the different components are respectively: 0, { 0x511, { 0x511, 

1~x511, ... , { 0x511. Since P6, which gives the maximum 

frequency, has the same value 3900 for all components, the 

components are initially one octave apart. The duration of 

the frequency cycle is given in P7 and is 120s: this means 

120 that each component goes down an octave after 1()=12s--and the 

components stay locked one octave apart. (After one octave 

descent, the lowest component becomes the highest one.) 

Function F4 controls the amplitude of the components. It 

is a bell-shaped curve which consists of a portiori of a sine 



wave with a D.C. bias, 

if the ordinate scale is 

in db. (See description 

#513 
- 2 -

. "q '\~, 

b -4 · u .\o 

of GEN7). For each component, 

~ 

[/~ 
I .. 

r 

A Sl~ 

the initial sum is specified in ,P8: the value of these sums 

are the same as those specified in P9, and the duration of the 

amplitude cycle is the same as that of the frequency cycle. 

Thus the component amplitudes scan this curve while their 

frequencies scan the frequency curve. This has the effect of 

strongly attenuating low and high frequency components. (Even 

though the specified P8 and P9 are equal, the two oscillators 

should not share the same P field for the sum. ) After one 

octave descent, the pattern is the same as the starting 

pattern (except for errors due to the imprecise definition 

of small increments which cause the duration of the cycle to 

be different from the one expected--this may be severe for 

less than 36 bit word computers. 

Function Fl is a sine wave. 

I0S has been used instead of 0SC for the three oscillators 

of the instrument. It gives a truly continuous--not a 

quantized--frequency glide; similarly it gives a more gradual 

amplitude change. But it is also preferable for the waveshape 

oscillator--in this case,as in other cases with glissandi or 

other frequency ~adulations, round off errors with 0SC 

I 
: 
I 

: 



#513 
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(c.f., M. V. Mathews, The Technology of Computer Music, 

MIT Press, 1969, p.l34) are specially noticeable because 

the corresponding noise goes on and off, diminishing when 

the frequency is such that the sum of increments (the 

abscissa) is close to an integer value. 

To get continuously d e scending glissandos, one could 

compute an entire descent of many octave?·; it is more 

economical to · compute one cycle (i.e., one octave) and use 

the computer to copy these samples successively as many times 

as desired. However, due to the errors mentioned above, one 

has to inspect the samples and choose to make the concatenation 

at a point which will give no appreciable discontinuity in 

either frequency, amplitude, and waveform. 
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"COMMF.t\T:ENDL~SS GLISSANDI WITH 3 IDS: 
COM~ENT: TA 0 E Ml913: 
fO~MENT:CYCLE. DURATION 1? S 10 COMPONENTS; 
INS 0 1; IDS P5 P7 83 F2 pg; IOS P6 P7 84 . F3 pg; 
ros P.3 R4 35 ~="1 P25:0UT 1::'.5 B 1 ; F NO : 
CQ~MENT:Tr SET GENERAL CONVT; SV2 0 10 2 
sra 0 4 lOCOO; 
SEN () 2 1 1 1; C EN 0 7 2 c;GEN 0 7 3 -10; 
NOT 1 1 14 RSC 
"JOT 1 1 14 8 50 
NOT 1 1 14 e.sr; 
NOT 1 1 14 8 50 
NOT 1 1 ' 14 P50 
NOT 1 1 14 g 50 
NOT 1 1 14 AS~ 

NOT 1 1 14 850 
"JOT 1 1 1 4 850 
NOT 1 1 14 850 
TER 1 E; 

39CO 
3 900 
39CO 
3900 
39CO 
3 900 
39CO 
3 900 
3<:3 co 
3 300 

120.\.0 
120.00 
12o.r.o 
120.00 
l?O.CC 
120.00 
120.00 
120.00 
120.('0 
120.00 

• . ~ .~~ 
' 1 • 

'· 

0 0; 
5 l. 1 51. 1; 
102.2 102.2; 
153.3 153.3: 
204.4 204.Q; 
255.5 2 55 .·s; 
306.S 306.6; 
357.7 357.7; 
408.8 408.8; 
459.9 459.9; 

6 -7; 

>" . '"" 
•• j 

,> , 
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This run is related to #513: but here, while the 

components frequencies go down, the center of gravity of 

the frequency distribution goes up (instead of staying 

appro ximately invariant as in #513), so that the sound goes 

down 3 octaves while becoming shriller--and that it ends up 

much hi gher than it started. 

The basic instrument is similar to that used in #513, 

except that here an 

instrument comprises 

five such units, each of 

whic h gives one frequency 

component; so only two 

note cards are required to 

get the 10 components of 

the sound. Functions Fl, F2, and F3 are the same as those 

used in #513. The initial sums are defined in the same way. 

While the component frequencies go down, the spectral 

envelope goes up because the duration of the entire frequency ' 
cycle (given by P8=60s) is longer than the duration of the 

entire amplitude cycle (given by P7=30s). (This may be 

easier to understand by examining what happens to the initial 

spectral configuration of #513 when the amplitude increment 

is .larger than the frequency increment.) If the process was 

allowed to continue longer, the peak of the spectral distri-

bution would continue to be translated towards the highest 

frequencies and then it would jump to the lowest frequencies 

and resume its translation upwards. 
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- CO~MENT:TONALITY GQES ~OWN TONE HEIGHT GOES UP; 
COMME~T:O~RaTJO~ 18 5 FREQUENCY CYCLE 6 S: 
CnMMENT:TAPf ~Z ·J94 FIL~ s;GEN 0 5 4: 
INS 0 1; 

'51Lf 

QSC PS P 7 3:? ~=" 2 
OSC PS P7 84 ~=" 2 

nsc os P7 ss r.2 
OSC P5 P7 ~13 c-z 
OSC PS P7 q10 F2 
OUT '310 Rl:E"-l'.:'l: 

~1o:nsc P6 og 83 F3 Pll:IOS 82 83 82 Fl P30:0UT 82 81: 

<siA o 4 1~ooc: 

P12iG~C P6 P8 85 F3 Pl2:IOS Bq 85 84 Fl P29iOLT 84 Bl: 
Pl4;~)C PS 0 8 87 F3 P15:IOS 86 87 B6 Fl P28:0UT 86 81: 
P15:J~C F& ?8 89 F3 Pl7;IOS 88 89 B8 Fl P27;Q~T 88 61; 

?18:0SC P6 P8 811 F3 Pl9;IOS BlO Bll 810 Fl ?26; 

GEN 0 2 1 1 1 :c ::~ . .J 7 2 o;GEN 0 7 3 -Io-; 
COMMENT:FRfGU ENC Y CYCLE ~ S AMPLITUDE CYCLE 3 s; 
NOT 1 1 1~ S00 4CCO 3C GO 0 0 0 51.1 '51.1 102.2 102.2 153.3 153.3 
204.4 204.4: 
NOT 1 1 tA 50~ ucca 30 60 o 255.5 255.5 306.6 306.6 357.7 357.7 
408.8 40~.o 4Sj .. ·J 4S '.:J.·); 

TE P 2 C ~ 
c C J ~VT 0 ~UR CJNFLIT CHROMA HAUTEUR BRUTE 

S C8 ? 8 !__IT T i', C C .J r\ V T 
~Q"1vS~ 1 I~~( 10) ,P{ 100) ,r;( 1000) 

IF(P( 1) .t\ F .1. iGOTOlOO 

F = S 1 1 • I ~ C 1~ ) 

P(F >=F*P( ,::. ) 
D(7)=F/ 0 (7) 

P ( [l. ) = F I P C .3 ) 
1 OC ~f "'fUR~ ~ 

F ~: r 
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This run presents sounds whose tone height goes up 

(or down) continuously, without octave jump, while their 

tonality remains invariant (in this case corresponding to 

a B). This is achieved by having fixed trequency octave 

components whose spectral envelope is translated as in #514. 

Instrument #l is used for each of the 8 components of 

the sounds . It is 

diagrammed here. The 

component frequency 

is given by P6; all 

components are in 

octave relation. For 

each component, the 

initial sum is specified 

in P8; the value of these sums for the different components 

are close to, respectively, 0, ftx5ll, ~x511, ... , fox511. 

Each sound lasts 5s, which corresponds to less than an entire 

amplitude . cycle. 

In the lst section, function F2 is a single peak bell-

shaped curve with 84db difference between peak and end points 

ordinates (c.f., description of GEN7). 

In the 2nd section, function F2 is a single peak bell-

shaped qurve with 42db difference between peak and end points 

ordinates (for this section and the two whic h follow, c . f. , 

description of GENS). 
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#515 
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In the 3rd section, function F2 is a double peak bell-

shaped curve--hence the repetition of the pattern. 

In the 4th section, function F2 is a triple peak bell-

shape d curve. 

Note: effects similar to those obtained here can probably 

be obtained more economically, if not as conveniently and 

precisely, through the use of FLT. This remark also applies 

to #516. 

f 
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COM~E~T:~PFCTQAL E~VEL0°E TQANSLATION FOR OCTAVE COMPONENTS; 
C n ~ ~., F ~ · T : F T X ED F PC G L! E ~ . .' r. I E <, : 
COMMENT:rao~ ~~~S FTLC 2:GEN 0 5 1; 
~NS 0 r;nsc P~. 07 83 F2 pa;osc 83 P6 B3 .Fl P25;CUT 83 81:ENO: 

r. 'l ~ M F. !\ T : T (l S E T ~; E i\ E R A L C C 1\J V T ; S V 2 0 1 0 1 6 ; 
GEI\J 0 2 1 1 1: 
CO~ME!\T:A~PL!TL DE FUNCTION CNE PEAK 84 DB AMBITLS:GEN 0 7 2 o: 
NOT 1 1 S 500 3G .C07l~ 128: 
'-~0 T 1 1 s 500 

,- ,. ... .OC715 19 2; r:_) V 

~OT 1 1 c: 500 120 .OQ71G 255: ..j 

~OT 1 1 ~ 500 24C .CCJ71E 320.; 

NOT 1 1 5 50') 430 .()()716 384: 
" .

101 1 1 c: 50:1 orr. 
.) :::-•\.; .Cf'l7}h 44'7 ; 

NOT 1 1 5 500 1:?:20 .007lf.: 0; 

"!OT 1 1 s 500 ::.{-~4 c .C0716 b 4: 
<)EC 1: 
r:-r~l"fNT :c~E p F. .\ Y.. l' r1<~ ~) T -ru s 42 D ~~ ; ;; [ 1\ 

NOT 1 1 5 5 ·'J 0 3 :: . 0071 " 1 2 8; 
~· 'Q T 1 1 r::: soo r ..... .C07 1 r) 192 ; t)\.,. 

~lOT 1. 1 5 500 120 . 0:)716 zc.r::.· 
..J • ' 

~CT 1 1 5 !:-CO 24C • CC71G 3 2 (' . ; 

NOT 1 1 5 50 ·!J 4 B ::; .007 15 3 3 1~ ; 

NOT 1 1 5 500 sse .CC71r Ll4 o ; 

~lOT 1 1 5 502 1 J 2 ·:1 . 0 _() 7 1 •: 0; 

"-!OT 1 r:: 5 (! t~ 3[. 4 c .CC7 l r 
.L t · &u ; 

SEC 1; 
CQP,.M~ t\ T : T 'A'O D c- ~ I(("' 

.• ~ , , .. .l -~ ": ~~ T TUS 4? 
NOT 1 
NOT 1 
NOT 1 

. NOT 1 
~OT 1 
'-JOT 1 
NOT 1 
NOT 
SEC 7 • 

. ' 

1 5 SOJ 30 .0071G 12 8 ; 
1 ~ 500 GC .C0 7 1S 192: 
1 5 500 
1 r::: 50 0 
1 5 5()() 
1 S SC0 
1 5 500 

5 500 

l ?r' _...., 
') ., .~. 

~...~ .... 

4 ~ C) 

'1 c· G 
1 'J2() 
334 r· 

v 

. 00 715 25;) 

. ~) 871(. 32::' . 007 lG 384 

.CC71~ 44Q . 00 71 c, 0 ; . ::, ()7 lE () !{ 

; 
; 
; 
; 

; 

0!3 ;G[N 

c 8 2 () ; 

0 8 2 1 ; 

C 0 M ~E t~ T: T r R f E 
NOT 1 1 5 500 

P L: A t\ :;, .'l ~· Y I T L S 4 2 D 8 ; G t N 0 8 2 - 1 ; 

3 0 • 0 :; 7 1 1 ~· 1 2 8 ; . 
~OT 1 1 ~· son ()C .CJC71() 132; 

~OT 1 1 5 50 •') 12:J .oo716 zss; 
~!OT 1 1 5 500 24C .CC7lf. ::;zc; 
'lOT 1 1 5 500 4 :30 .00715 384: 
t-!OT 1 1 5 500 sc.:_; .CC7lr: 44°. ; 
NOT t 1 5 500 1]20 .007lG o: 
"!0 T 1 1 5 500 ::: ~ It c • 0 c 7 1 ~; 5 4 ; 

TER 7; 

-I 
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This run presents sounds of variable spectrum; the 

variation of spectrum is achieved by translating (as in #514) 

the spe ctral envelope of fixed frequency components. 

The instrument used is the same as in #515. However, 

10 fre que ncy components are used instead of 8, and here they 

are not in octave relation. 

In the f irst 3 sections the frequency components form a 

harmonic series: 

(1) In section 1, function F2 is a single peak bell-shaped 

curve with 42 db difference between peak and end points 

ordinates (For the amplitude controlling functions of 

this run, c. f., description of GENS). 

(2) In section 2, F2 is a double peak bell-shaped curve. 

(3) In section 3, F2 is a triple peak bell-shaped curve. 

In the last 3 sections the frequency components are not 

harmonically related.: 

(4) In section 4, F2 is as in section 1. 

(5) In section 5, F2 is as in section 2. 

(6) In section 6, F2 is as in section 3. 

See note at the end of #515. 
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~.tf 5" .~ 6 
COMME~T:VaRIABLf ~ 0 EC1RU~ sr~NDS THPQUGH SPECTRAL ENVELOPE TRANSLAliON; 
CO~MFNT:FIR S T H4RM~NIC THE~ I~HAR~ONIC FREQUENCIE S; 
COMM(~T:TAP( Ml485; 
I~S 0 l:CSC o; P7 33 F2 PR :OSC 83 FG 8 3 Fl P25:QUT 33 Bl;E~O; 
SI!\ 0 4 10000: 
C C M ~~ F. r.: T : T :1 ")F. T S E ~\ E P 1'l.. l C' r~ ~J V T ; ~ V 2 0 1 C 1 6 ; 

Gf"-1 0 ? 1 1 1: 
C n M~[NT:YAR~O ~IC FREOLE~CIE~; 

C 0 M M E "IT : A v. P L I T lJ 0 f. F U t< C T I G ~ CJ N E P 2.~ X 4 2 0 B A M B I T U S : G E N 0 8 2 0 ; 

NOT 1 1 3 500 2cr .r 2 r : 
NOT 1 1 3 500 400 .0? Sl.l: 
NOT 1 1 ~ 500 GCO . 02 1 02 .2; 
~OT 1 1 3 500 30 0 .0 ? 153.3: 
NOT 1 1 3 500 l CSO . C2 204.4; 
NOT 1 1 J sno 1 200 . c2 zss.s; 
NOT 1 1 3 SfJ 1~ 00 • 0 Z 3CF.~; 
Nor 1 3 sno 1 :oc .~ 2 357.7: 
~ 0 T 1 1 < S G 0 1 (. C C • 0 2 4 C .q . c ; 

NOT 1 1 3 500 20 0 0 .O? 459.); 
src ~; 

C 0 M ~, t:. t- t T : T '-'I r; P !=" A ~ S ; G E N 0 P 2 1 ; 
NOT 1 1 3 sno 2:c .G 2 ~; 

"-JOT 1 ~ 500 400 .J2 :>1.1: 
NOT 1 1 ~ 500 ~CC .0 ? 1 02 . 2 : 
NOT 1 1 ~ 500 800 .02 1 53 . 3 : 
NOT 1 1 3 500 !CCC .0? zru.q; 
NOT 1 1 3 500 12CJ .0 2 25S.s; 
NOT 1 3 500 1400 .C? 3CG . ~ ; 

NOT 1 ~ 500 lGJO .0 2 35 7.7: 
NOT 1 1 _ SOC 18CC . 0 2 4 Cp .o; 
NOT 1 1 3 500 2000 .0? 4S~. ) ; 

· src s: 
COM~E~T:THR~E PEAK~;GEN 0 3 2 -1; 
~OT 1 1 ? 500 2UC .C? r: 
~OT 1 1 ~ 500 480 .0? Sl.l; 
NOT 1 1 3 500 fO C .C2 1 02 . ? ; 
NOT 1 3 500 B~~ .J? 1 53 .:; 
NOT 1 1 3 50G lO OC 
NOT 1 1 3 500 1200 
NOT 1 1 3 S CO l4CC 
N~T 1 1 3 500 1 500 
NnT 1 1 3 SOC l~GC 

NOT 1 1 3 SDO 2000 
SEC 5; 

.0 2 

('..., ..... ,_ 
• ·17 
.c~ 

.0 2 

2cu.q; 
?!:; i -:· -· - · ::> • .. • 
3cs.-:; 
:, 57. 7; 
4 (' ~. 0 ; 

4:. '3. '~ : 

CO~~ENT:I~~A R M J~ !C fR C~ UE~CIES; 

C 0 M M F.: 1'\ T :A r-' P L J T LJ IJ E r lJ!.; C T I S f\; C: t' E PEA~ 4 2 0 B AM B I l L S ; G EN 0 a 2 0 ; 
NOT 1 1 3 500 88 . 02 ?.SS.s; 
NOT 1 1 3 sno 230 . 22 459.9: 
NOT 1 1 ~ SOC 31S .0? 305.3: 
~cT 1 1 3 so c rsc .oz 2ou.q; 
NOT 1 1 3 500 7~0 .02 102.2: 
NOT 1 1 3 500 S3G .C 2 o: 
NOT 1 1 3 500 1400 . 0? 153.3: 
NCT 1 1 3 500 2SGC . 8~ 3S 7.7: 
NOT 1 1 3 500 370Q . 0? 403.9: 
c;Ec s; 
C~~~FNT:TWO PEAK S : GEN J 9 2 1: 
NnT 1· 1 3 soo r~ . 02 2s~.s; 

NOT 1 1 3 500 230 . C~ 45~.J; 

NCT 1 1 3 5CO 31 ~ .02 3 0r .3: 
~: r T 1 1 3 s o o c s c • o 2 z c 11 • 4 ; 
NOT 1 1 3 500 7 ~0 .02 10 ? . 2 : A-100 



.. -:+r ~I Co c...,_---r;~ 
/ 

NOT 1 1 3 500 330 .oz _o: 
~or 1 1 3 500 lttOC .02 153. ~ ; 

NOT 1 1 3 500 2S00 .oz 357.7; 
"\1 

NOT 1 1 7 500 370C .C2 408.?; -J 

~EC s; 
COMt-"ENT:THPEE PEAKS:GEN c 8 2 - 1 ; 

~OT 1 l 3 so a sa • 02 255.5: 
"JOT 1 1 3 sao 230 .02 459.9; 
NOT 1 1 3 500 315 .02 306.3: 
NOT 1 1 3 500 650 .02 20Lf.4: 
1\JOT 1 1 3 500 7SC .0?. 102.2; 
NOT 1 1 3 500 930 .02 0 ; 
NOT 1 1 3 50J 14 co .02 153.3: 
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This example presents a fragment obtained by mixing from 

runs #510, 511, 513 to 516 and a couple of other similar runs). 

The original sounds underwent only transpositions by speed 

changing before mixing (except for the sound analagous to the 

one pre s ented in #514, which was artificially reverberated by 

means of an EMT metallic plate--a similar reverberation could 

have been performed by computer). 

The remarks mentioned by #512 also apply here. 
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This run presents an attempt to prolong harmony int o 

timbre: a chord, play E' d with :1 timbre genera ted in a way 

similar to ring modula t ion, is ~~ choed by a gong-type sound 

whose compon ent s are t h e fund amentals of the chord. 'I1he 

latter sound is percei v ed as a whole . ~ather than as a chord, 

yet its tone quality i s clearly related to the chord's harmony. 

The passage is as follows: 

~ rp;--;-
' 

> -tr ,. 
0 ' 

Q 

a 
~ I~ ----:: * ....__ 

l 
- .1. 

_, 

? D~L 1~ .s 

~r ·b · 'i ).f 1.5 

Instrument #1 is used to generate the notes of the chord, in 

a way similar to a ring 

modulator combining the 

outputs of a sine wave 

and a square wave oscillator. 

Low values have to be used 

for the amplitude inputs P5 and 

P7, since the resulting 
F; 

maximum amplitude will be 

of the order of P5 x P7. 

The dominant frequency of a 

not~ played 'with this 
·~ 

instrument is the difference between P8 and P6. Function F3 

controls the envelope of the sine wave component, hence the 
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envelope of the note; this modulation at the same ti.me produces 

spectrum changes. Notes of the chord are first played with a 

short (10 ms), percussive attack, then with a cresc-decresc 

type envelope. 

Instrument #2, used for the gong-like sound, is similar to 

instrument #l of #420: there is one note card for each 

frequency component; the waveshape is a sine wave; each component 

is decaying exponentially at its own rate. As was mentioned 

earlier, the frequencies of the components are equal to the 

frequencies of the notes of the preceding chord. 
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A Study of the Motion of a Bowed Violin String 

J. Kohut and M. V. Mathews 

Bell Telephone Laboratories 

Murray Hill, New Jersey 

1. Introduction 

This paper reports a study of the motion of a violin 

string which was made by an electromagnetic technique 

suggested by Albert Rose 1 • His method simplifies the 

observation of rapid vibrations on small strings. An earlier 

study 2 using high-speed photographs of a cello string 

indicated the form of the motion was as predicted by Helmholtz3 

4 and Rayleigh but the flyback time was longer than expected. 

The present study shows the violin string motion is essentially 

as predicted by the Helmholtz-Rayleigh Theory with certain 

exceptions which will be pointed out. We will begin by 

describing the theoretical motion, then describe the experi-

mental results, and finally point out certain acoustic 

implications of the results. 

2. Theory of Vibrations 

Vibrations of a bowed string are forced in the sense of 

being caused by the bow in contact with the string, but the 

period of these vibrations is essentially the same as that . 
of free vibrations, set up, for example, when the string is 

plucked. This coincidence of periods leads one to hypothesize 
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that the bow excites a free vibration in the string. Strings 

can vibrate in many different modes. The particular mode 

investigated by Helmholtz a n d Rayleigh, which seems appro

priate to bowed excitation, i s shown on Fig. 1 in its idealized 

form. Fig. l(a) shows snan shots of the string at successive 

instants in time. At all t i mes it is formed of two line seg

ments. The breakpoint between the segments propagates along 

the string at a uniform velocity and is reflected from the 

ends. The envelope of the breakpoint is a parabola. 

A heuristic explanation of this motion may be obtained 

from the elementary theory of a perfectly flexible string 

which says that the acceleration at any point on the string 

is proportional to its curvature. Since most of the string 

is a straight line segment at all times, the only point that 

is accelerated is the breakpoint. Th~ straight line segments 

are not being accelerated and consequently they are in uni

form motion. What is this motion? It is a uniform rotation 

around the end points. The direction of the rotation changes 

as the breakpoint passes. 

Fig. l(b) shows the string motion as a function of time 

at three points on the string, denoted A, B, and C on Fig. l(a). 

At all points the time motion is a simple sawtooth triangle, 

but tbe ratio of rise time to fall time differs for the three 

points. At point A we have a rapid fall time and a slow rise 
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time. At point B, which is further alqng the string, we 

have a somewhat longer fall time and a somewhat shorter rise 

time. In the exact center of the string the fall time and 

rise time are precisely equal. 

If we define two quantities, measurement position, MP, 

D 
MP = E 

where D is distance from the bridge to the point of observa-

tion and L is the string length; and duty factor, DF, 

TF 
= p DF 

where TF is the fall time and P is the period of the vibra

tion; then a simple analysis of the ideal string motion 

depicted in Fig. l(a) will show that 

DF = MP 

for all values of D. The experimental part of this paper 

will show that the motion of an actual violin ·string is a 

reasonable approximation to the triangular waveforms shown 

in Fig. 1 at all points along the string and that the duty 

factor closely approximates the measurement position at all 

points. 

Why is this free vibration appropriate to excitation 

by the bow? The bow and string together form an oscillator. .. . 

An explanation of the mechanism of an oscillator, which must 

be nonlinear in nature, is beyond our knowledge and our 
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intentions in this paper. 
5 . 

Schelleng has made a more complete 

analysis of the string and bow considered as an oscillator. 

We will merely point out that the string does oscillate, and 

that during the rise of the waveform, the string and the bow 

are stuck together and hence move at the velocity of the bow, 

which is constant. Thus a constant velocity during the rise 

time is appropriate. The string slips along the bow hair 

during the fall time and thus moves at a different velocity 

than the bow. Although it does not seem essential that the 

string moves with constant velocity during the fall, this is 

a perfectly acceptable motion. 

There are certain departures observed in the motions of 

actual RtringR from thP 1oea1 motion o-r Ftg. 1. We w1.11 

discuss these after considering the motion of an actual 

string. In addition to departures due to the characteristics 

of actual strings, if an ideal or actual string is bowed at 

a node of one of the harmonics of its natural modes of vibra-

tion (bowed at distance m/n·L from the bridge where m and 

n are integers) a different waveshape of vibration occurs. 

This · effect was noted by Helmholtz and Rayleigh and has been 

extensively studied by Raman6. The difference arises 

because components at the nodal frequency are not excited. 

The resulting waveshape has a number of ripples in the 

basically triangular waveform shown in Fig. 1. If the bow 

is close to the bridge, as in normal violin technique, so 
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that n is greater than about six, then the ripples are 

very small so they can scarcely be seen. Consequently, we 

have not further considered these deviations in the remainder 

of this paper. 

3. Examination of Actual Strings 

The measurement technique developed by Rose is very 

simple and is shown in Fig. 2(a). Rose noted that almost 

all violin strings have a metal component and hence are 

conductors. If one simply puts a magnetic field across the 

string, the voltage at the endpoints will measure the 

velocity of the string at the position of the magnet. 

Fig. 2(b) shows the velocity waveform to be expected from 

wave whose duty factor equals the duty factor of the string 

motion. We are now in a position to see if the square wave 

is actually observed and if its duty factor equals the 

measurement position, MP, which can now be defined as 

M 
ME = L 

where M is the distance of the magnet from the bridge. The 

equality should hold for all positions of the magnet and for 

different bow positions. We define the bow position as 

B BP = -L 

where B is the distance of the bow from the bridge. 
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A series of measurements were carried out with a violin 

and with a test string consisting of a piano wire 0.010 inches 

in diameter and a 13.7 inch long string between two stops on 

a solid board and tuned to 360 Hz. The strings were instru

mented as shown in Fig. 2. A photograph of the magnet clamped 

to the fingerboard of the violin is shown in Fig. 3. The 

length of the magnetic field along the string is 0.75 inches 

except for the data recorded in Fig. 9 where the magnetic 

field was shortened to 0.25 inches. The strings were excited 

by a hand-held violin bow. Oscillograms of the string velocity 

were obtained by photographing the oscilloscope with a 

Polaroid camera. All measurements were made on the photographs. 

and from both open and stopped violin strings for various 

bow and magnet positions. With one important exception, which 

we will subsequently discuss, all the waveforms we have 

observed are of the general form shown in Fig. 4. It is a 

good approximation to a square wave indicating that the string 

does vibrate with a triangular waveform. Two deviations from 

rectangularity are visually most prominent: 

(1) The sides of the pulse are not vertical. It could 

be caused by the finite length of the magnetic field which 

would · introduce a rise time of 0.03 periods. It could be 

due to the stiffness of the string. The G, D, and A strings 

are larger in diameter and tend to be stiffer than the E 
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string which exhibits a noticably faster rlse time in B,ig. 4. 

It could, according to Lazarus 7 , be due to the motion of the 

bridge (finite impedance of the bridge). We have not con

sidered this latter effect. 

(2) A small, almost sinusoidal oscillation is super

imposed on the square wave. This oscillation will be 

discussed in Section 5. 

Having ascertained that the string waveform is approxi

mately triangular, we are now in a position to see if the 

duty factor equals the measurement position. In the photo

graphs, the _duty factor was measured as the width of the 

pulse at its half amplitude point. The measurement position 

wa;:; mea.ou.reu Lo LLc: \;eHLer u:f the mu.gne:t. 

Fig. 5 shows the relationship between duty factor and 

measurement position for the test string and for one bow 

position. Except for the second point, which may be an error, 

all observations fall close to the theoretical line of unity 

slope. 

Fig. 6 shows the lack of effect of bow position on duty 

factor for the test string. 

In Fig. 7 we have plotted DF/MP for a violin. Fig. 7(a) 

shows the effect of measurement posit ion on the open D string, 

Fig. 7(b) shows the effect of bow position on the open D string, 

Fig. 7(c) shows various stopped and open strings for a fixed 
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magnet position (2 inches from bridge) and bowing po s ition 

(1 inch from bridge). These data show that DF/MP is close 

to unity independent of where the motion is measured, where 

the string is bowed, wh ich string is sounded, and whether or 

not the string is stopped. All ratios are slightly larger 

than unity. A possible explanation is the stiffness of the 

string. One would expect unity value only for a perfectly 

flexible string. Again, the E string is noticably closer to 

unity than the other strings. The stopped note for which 

the string is about 3/4 of its open length seems to exhibit 

an unusually high DF/MP ratio. We can think of no explana

tion. 

4. Double Slip Notes 

One of the important exceptions to the triangular wave

form exhibited in the preceding data is the multiple (usually 

double) slip waveform. Such a form is obtained when too 

light a bow pressure is used or when the bow position is far 

from the bridge. In practice we have observed double slips 

in the tones produced by beginners, in rapid loud strokes 

(martele) and in sul ta~to playing. 

The tones studied in Section 3 were all produced by 

controlling the bow so as to achieve a tone ·judged by the ear 

to be·of normal violin quality. For large values of bow 

position such a tone was hard to achieve and the range of bow 

position studied was limited by the requirement of achieving 

normal quality. 
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Fig. 8(b) shows an oscillogram of a hormal mezzo forte 

8 
sustained tone played by an experienced violin teacher . 

Fig. 8(a) shows the oscillogram obtained when she reduced 

the bow pressure thus producing an inferior tone which she 

described as a "surface tone" and which she taught her stu-

dents to avoid. Instead of having a single flyback or fall 

time, the surface tone exhibits two flyback cycles per period, 

one being slightly larger than the other. 

The surface tone has a markedly different sound than the 

normal tone so that no experienced violini~t would tolerate 

such quality in sustained tones. However, the bow cannot be 

so well controlled in rapid passages. Fig. 8(c) shows an 

Of3cillogram fortissimo note obtained f'rom a martele 

bow stroke. This oscillogram also exhibits a double flyback. 

The sul tasto style of bowing also produces markedly 

different waveforms which probably cause the .different tone 

quality thus achieved. Fig. 8(d), (e), and (f) give examples 

of oscillograms obtained bowing over the fingerboard (3 inches 

from bridge) with various speeds and pressures. In only one 

of these, (f), is there an approximation to a single slip. 

In Fig. 8(e) the string motion appears to be mostly a funda

mental sinusoid plus some second harmonic. In Fig. 8(f) the 

waveform contains much 4th harmonic. Clearly the violinist 

can strongly influence the tone quality by his manner of 

bowing, at least for the extraordinary tones such as sul tasto. 
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5. Minor Oscillations of the String 

As we noted in Sectjon 3, one of the most prominent 

visual de viations from a triangu l ar waves h ape is an almost 

sinusoidal oscillation in the velocity o s c i l l o gram. Fig. 9 

shows a sequence of oscillograms taken t o study this oscilla

tion. The tone s are all played messo forte on t he open D 

string. A series of bow positions were used to e xamine the 

effect of bow position on the oscillation . 

The vibration is unusual in that its ampli tude is zero 

(or very small) at the end of the flyb a c k time and its ampli

tude increases during both the ri se time and the flyback time. 

We would normally expect an os c illat i on t o be started by one 

or end of the flyback time and sub s equentlY .the oscillation 

would decay during the relatively s t abl e motion of the rise 

time. Since the amplitude of this o s c i l l ation increases, it 

must be absorbing energy from the b ow in some way not clear 

to us. 

The period of the oscillation increases as the bow is 

positibned further from the bridge as shown i n Fig. 10 (Data 

for the plot was read f r om the Fig . 9 oscillograms.). How

ever, the rate of increase i s n ot a l inear function or some 

simple function for which we h ave a simpl e explanation. It 

d o es not result from a wave ·being refl ec t ed back and forth 
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between the bridge and bow. Consequently, ·at the moment, we 

simply note the existence of the oscillation without being 

able to explain it. 

6. Conclusions 

The principal result of this study of the bowed string 

is a confirmation that its motion is a close approximation 

to the simple triangular motion predicted by Rayleigh and 

Helmholtz and shown in Fig. 1. The main deviations from this 

form are (1) a small but unexplained sinusoidal oscillation 

and (2) some rounding of the corners of the triangle probably 

due to the stiffness of the string and the motion of the 

bridge. In addition to these deviations, the string occa-

sionally vibrates in one of severRl mn~P~ which are grossly 

different from triangular such as a double slip mode. These 

modes can either be obtained accidently by using too light 

a bow pressure or intentionally as in the sul taste style of 

playing. In either case, the sound is markedly changed. 

In the triangular mode of vibration, the string and bow 

are stuck together during the risetime and hence move at the 

same velocity. This constraint has implications for the 

violinist. In order to achieve a loud tone, a large velocity 

must be produced. This can be done in two ways; either by 

movin§ the bow faster or by bowing closer to the bridge. The 

latter possibility works because, as is shown in Fig. 1, the 
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envelope or the string motion ls parabolic and a small motion 

near the bridge produces a much larger motion toward the 

center of the string. Although we have not analyzed bow 

pressure, bowing near the bridge probably requires higher 

pressures. 

The final conclusion concerns acoustics. Assuming most 

of the sound of a violin comes from the body, the most impor-

tant waveform of the string motion is that at the bridge, 

since the bridge transmits the vibrations to the body. This 

waveform for the ideal triangular motion is shown in Fig. 11 

and consists of a slow rise and an instantaneous flyback. In 

an actual instrument, the flyback cannpt be instantaneous be

cause of string stiffness and other factors. However, if it 

were, the Fourier spectrum of the Fig. 11 waveform would be 

00 

L (-l)n 1 sin(nwt) n n=l 

This is a very effective spectrum because it contains all the 

harmonics and the amplitude of successive higher harmonics 

decreases 6 db per octave. The presence of all harmonics is 

a good way of exciting the resonances of the violin. The rate 

of decrease of 6 db per octave is a good compromise between 

having weak high frequencies (as would be the case for a 12 db 

per octave fall-off) and a rate of fall-off less than 6 db per 

octave which tends to give a harsh tone in many sounds. 
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Figure Captions 

Fig. 1. Ideal motion of a bowed string showing (a) snapshots 

of the entire string at successive instants in time and 

(b) the time motion at various places along the string. 

Fig. 2. Measurement technique suggested by Albert Rose to 

observe the velocity of the motion of a violin string at 

point M by means of a magnetic field inducing voltage in 

the Moving string. The figure shows (a) the equipment 

arrangement a nd (b) the expected waveforms. 

Fig. 3. Magnet on violin. 

four violin strings in open or stopped conditions. Arrows 

indicate time scales (1 ms) and voltage scales (1 mv). 

Fig. 5. Duty factor of test string as function of the measure-

ment position for one fixed position of the bow. 

Fig. 6. Duty factor of test string as a function of bow posi-

tion for a fixed measurement position. 

Vig. 7. Duty factor divided by measurement position for a 

violin as function of (a) measurement position (b) bow 

position and (c) string and stopped length of string. 
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Fig. 8. Modifications i n waveshape produced by either in-

tentional or unintentional bow pressure which is less 

than that required to produce a triangular waveshape. 

Arrows indicate time scales (2 ms) and . voltage scales 

( 1 mv). 

Fig. 9. Oscillograms to show minor oscillation which is 

superimposed onto the triangular string motion and how 

this oscillation varies with bow position. All tones 

are played on the open D string. The magnet position 

is 2". Arrows show the time scales (2 ms) and voltage 

scales (2 mv). 

Fig.lO. Period of minor oscillation of violin string divided 

by period of string as a function of the bow position. 

Fig.ll. Waveshape at the violinbridge which would be observed 

if the motion of the string were an ideal triangular form. 
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GR~~VE--A Program to Compose, Store, 
and Edit Functions of Time 

by 

M. V. Mathews and F. R. Moore 
Bell Telephone La. bora tor ies 

Murray Hill, New Jersey 

ABSTRACT 

A Program which makes possible creating, storing, 

reproducing, and editing functions of time is described. The 

functions are typical of those generated by human beings. 

Multiple functions (up to 14) are produced for long periods 

of time (up to several hours) at sufficiently high sampling 

rates to describe f ast human reactions (up to 200 samples 

per second). The functions can be used for a variety of 

purposes such as t he control of machine tools or sound 

synthesizers or anything a person normally controls. 

The pro gram operates on a small computer (DDP-224). 

Functions are stored on a disc file. Functions may be 

create d by real-time human inputs to the computer which can 

interact with already stored functions and computed functions. 

Real-time feedback from the process being controlled is an 

important link in the system. The environment for effective 

man-machine interaction has been carefully nurtured. 



GRD~VE--A Program to Compose, Store, 
and Edit Functions of Time 

by 

M. V. Mathews and F. R. Moore 
Bell Telephone Laboratories 

Murray Hill, New Jersey 

Objectives and Concepts 

Many tasks now done by people are best described 

simply by one or more functions of time. To list only a few 

examples> the control of machine tools, the control of plants 

such as rolling mills or chemical processes, the control of 

the body itself, speaking, and playing music can all be 

characterized by a suitable set of time functions_ If these 

tasks are to be automated, the basic job of the computer is 

t o c r eate the f unct ions. Hence it seems worthwhile to develop 

a general program to produce time functions which are 

characteristic of human actions. GR,K),K)VE is the first attempt 

at such a program. It can generate multiple functions (up 

to 14) for long periods of time (up to several hours) with 

bandwidths sufficient to reproduce fast human responses 

(up to 100Hz). 

To create time func tions, several facilities must 

be provided. Some are obvious. Methods for generating and 
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staring the func tions are necessary. Equally important are 

methods for changing or editing the stored functions. The 

resulting concept is a "file system" for time functions and 

such a system is central to GR~~VE. 

A second conc ept is feedback control. People 

inevitably use their sensory inputs to control their motor 

acti vities in a feedback operation. In creating time 

functions on the computer, GR~~VE provides opportunity for 

immediate feedback from observations of the effects of time 

functions to computer inputs which compose the functions. 

In the composing mode of the GR~~VE system, a human being is 

in the feedback loop as shown on Fig. l. Thus he is able 

to modify the functions instantaneously as a result of his 

abservations of their effects. 

It is also possible with GR~~VE to have feedback 

direc t ly from t he analog device to the computer. Such feedback 

is an essential part of some programs, for example those used 

to cantrol mechanical arms. We have chosen to emphasize the 

human rather than the direct feedback. Systems without human 

links require mare intelligent programs or from a different 

v iewpoint, wi t h the addition of a human link, we can currently 

do more complex tasks. In addition, Moore and Mathews, who 

wrote the pro gram, enjoy not only being in the loop but 

retaining command. 
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The final concept is more nebulous. Since GR~DVE 

is a man-computer system, the human engineering of the system 

is most important. For example, we discovered that the 

control of program time* needs to be quite different for 

composing than for editing and the program was modified 

accordingly. Human engineering has affected the entire 

structure of GR~~VE in ways which will be pointed out 

subsequently. 

* The abscissa of the functions of time which are the principal 
outputs of GR~~VE is called pfogram time. 
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The Conductor Program 

Although GR~~VE is a general purpose program, it 

has been initially used to control an electronic music 

synthesizer consisting of oscillators whose frequency is set 

by a voltage and amplifiers whose gain is likewise voltage 

controlled. Originally we had thought simply of attaching 

an organ keyboard to a DDP-224 computer which was being used 

to study speech synthesis and was equipped with 14 digital

to-analog converter outputs. In this way we hoped to make 

possible the nuances of real-time performance in computer 

music. However, with a simple program there seemed to be 

greater danger of imposing on the computer the limitations 

of the organ rather than improving the organ by means of 

its association with the computer. Further thought convinced 

us that the desired relation between the performer and the 

computer is not that between the player and his instrument, 

but rather that between the conductor and the orchestra. The 

conductor does not personally play e ve ry note in the score; 

instead he influences (hopefully controls) the way in which 

the instrumentalists play the notes. The computer performer 

should not attempt to define the entire sound in real-time. 

Instead, the computer should have a score and the performer 

should influence the way in which the score is played. His 

modes of influe nce can b e much more varied than that of a 

conventional conductor who primarily controls tempo , loudness, 
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and style. He can~ f or example~ insert an additional voice 

of his own, or part of a voice such as the pitch line while 

t he computer supplies the rhythm. He should also be able to 

modify or edit the score. The computer should not only 

remember the score, but also all the conductors' functions, 

so when he achie v es a desired performance, it can subsequently 

be replayed by the computer from memory. These concepts led 

directly into the GR~~VE program for composing and editing 

time functions. 
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Computer System for GR~~VE 

Fig. 2 shows a block diagram of the equipment on 

which GR~~VE is run and Fi g . 3 shows a picture of the facility. 

The DDP-224 is a medium sized computer with a 16,000, 24-bit, 

1.7~s, word memory. Heavy use is made of two memory-access 

channels which are independent of the central processor and 

of each other. The main secondary memory is a CDC-9432 disc 

file with removable disc packs which transmits 1200 computer 

words in 30ms. A typewriter provides control input. The 

magnetic tape is used only as backup memory for the disc file. 

Several special devices, originally developed for 

speech synthesis are utilized by GR~~VE. Twelve 8-bit and 

two 12-bit digital-to-analog converters form t he principal 

outputs of GR~~VE. Two additional converters supply the 

X and Y deflection vo ltages to a cathode ray tube which 

displays points or characters via a character generator. An 

analo g -to-digital converter plus multiplexor allows sampling 

up to 20 voltages in about lO~s per volta ge . At present 

GR~~VE inputs 7 voltages. Four come from rotary potentiometers 

or knobs which may be turned by the operator in real-time. 

Three come from a 3-dimensional linear wand shown projecting 

up from a square box (Fig. 3a). These real-time inputs are 

called knob inputs. 

An external oscillator in the equipment rack on the 

left controls the sampling rate of the output functions by 
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means of one of the interrupt lines on the DDP-224. The 

sampling rate is also controlled by a knob--the frequency 

dial on the bscillator. 

The two loudspeakers hanging on the wall provide 

the perceptual feedback to the operator. The oscilloscope 

(center) resembles a medium-si ze d television screen. The 

acoustic partitioning situated behind the typewriter and 

computer console keeps the operating environment isolated 

from the sounds of the computer (air-conditioning, etc). 

Through the viewing window (Fig. 3b) may be seen the magnetic 

tape unit and the disc. These devices may be remote-controlled 

from the operator's console, so that except to mount or 

dismount either digital magnetic tapes or disc packs, the 

operator need never ente r the actual computer room. 

The specially-built keyboard input device is shown 

sitting to the right of the typewriter. Each key has a 

potentiometer associated with it, so it may be set to any 

desired gr oup of discrete input values. An intercom is used 

to communicate with another room containing the voltage

controlled equipment. 

Fig. 3c is a close-up view of the four knob inputs, 

Kl, ·K2, K3, and K4. The small box on which they are mounted 

also has 4 toggle and 2 push-button type sense switches which 

may be used to communicate with the program in real-time. 

Pushing box sense-switch one (BSSWl) causes real-time processing 
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to stop and the typewriter to request a command. BSSW3 

is used to put the program in the "edit mode" described 

later. Other switches are undefined and may be used to 

control the user-supplied portion of the GR,Ot)VE program. 
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General Operation of the GR~~VE Program 

The objective of the GR~~VE program is to read 

samples of functions stored on a memory file at a rate 

determined by a sampling rate oscillator, to combine these 

with samples of knob functions which are generated in real

time, to compute and put out samples of output functions in 

real-time, and, if desired, to record revised functions on 

the memory file. 

The primary storage medium for time functions is 

the disc file. Successive samples of n functions, denoted 

Tl through Tn, where n can be set by the program to values 

between 2 and 40, are kept in 1200-word disc records and are 

called disc functions. The general mode of operation is: 

l. Read one record of disc functions into core memory. 

2. Unpack the current n samples of disc functions, 

Tl ... Tn, upon receipt of a pulse from the sampling 

rate oscillator. 

3. Compute the 14 output functions and revised values 

of the disc functions. Data for the computation consists 

of the current samples of the disc functions plus current 

samples of the knob inputs plus current samples of any 

periodic functions which may be defined and will be 

discussed below. An algebraic expression interpreter 

which will handle Fortran-like expressions is part of 

GR~~VE and is used to define the relations which are 

compiled. 
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4. Output the current values of the 14 output functions. 

5. Pack the n re v ised samples of the disc functions 

and write the se onto disc in place of the original disc 

functions. 

The pro gram configurations embodying these functions 

is shown on Fig. 4. Operation begins in a typewriter command 

section in which the various parameters of the program are 

set, the algebraic statements defining output voltages and 

re v ised disc functions are written and simple periodic 

functions are defined. At a start command from the type

writer the program enables the sampling oscillator interrupt 

line and enters the "update CRT display" loop. A sense 

swi t ch returns control to the typewriter at any time to 

re v ise parameters or terminate the program. 

The program continues in the CRT display loop 

until interrupted by t he sampling rate oscillator. It then 

goes through the computations to output and revise one 

sample's worth of functions as discussed abo v e and returns 

to the CRT loop. The am0unt of time spent in the sample 

computations depends on the number of disc functions and the 

complexity of the algebraic statements. The amount of time 

available depends on the sampling rate. Any extra time 

between interrupts is spent in the CRT loop and, hence, as 

the sampling rate is increased, the display deteriorates 

first before the output functions are affect e d. By observing 
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the display, the operator can avoid failures due to "speeding". 

The most complex computations so far tried with 14 disc 

functions have allowed sampling rates up to 150Hz, which is 

quite comfortable. 

Reading and writing disc functions are both buffered 

and overlapped so no interruption in outputting or display 

is involved at the end of a disc record. 
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Arithmetic Expressions 

One of the advantages gained by treating control 

signals as functions of time is that they may then be 

operated on mathematically. It is easy to imagine relatively 

complex control signals which are really only the sums, 

differences, products, etc., of several simple functions of 

time. Many of these simple functions can be periodic. 

Therefore the GRJ),OVE system has a facility for 

handling arithmetic expressions which determine how the 

various inputs to the system are to be combined, and a 

facility for defining many types of periodic functions. 

Each arithmetic expression which is typed in at the on-line 

typewriter is an assignment statement. Some examples of 

typical statements are: 

T6 . T2 + 480 

Tl . Tl 

Tl3 -Fl * ( K3-2000) . 

T28 4095/(1 + Ul(Fl + U2(Tl + K2))) 

The left-hand side of this statement is one of 

Tl, T2 ... , T40, which specifies one of the disc functions 

which was retrieved from the computer's disc memory. The 

right-hand side o f the statement is any arithmetic expression 

made up of the four standard arithemtic operators (+, -, *, 

and / ), any number of balanced pairs of parentheses, and the 

following operands: 
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l. Tl-T40, which refer to the current value of a 

disc function, 

2. Kl-K7, which refer to the current value of some 

real- t ime input device, such as a knob or keyboard, 

and 

3. Fl-F40, which refer to the current value of a 

periodic func tion. 

In addition, the right-hand expression may include 

a notation of the form Ul (< X>), where Ul refers to the 

first of 95 possible user-supplied arithmetic functions, 

and < X > is any allowable arithmetic expression. The 

user-supplied functions may carry out such operations as 

exponentiation and quantization of a function which are 

not provided for in the basic GRX)X)VE arithmetic. These user 

functions insure that the mathematical capabilities of the 

system can be as powerful as necessary for a given task, 

without providing for e very possible operation irt advance. 

The operator which relates the right- and left-hand 

sides of a GRX)X)VE equation is either a period or a colon. 

The period means: "replace the value of the specified 

disc function with the value of the expression, but do not 

change the permanent record of this disc function." (on the 

disc unit). The colon both assi gns the expression valuem 

the disc function and does change the permanent record of 
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this disc function according ly. Thus~ GR~~VE has the 

facili t y to edi t disc f unctions on a trial basis (the period 

case). If the results of such an edit are found by 

obser vation to be d e sirable~ the period is changed to a 

colon~ and the function is permanently altered. Other ways 

of editing disc functions will be discussed later. 
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Periodic Functions 

Since periodic functions are extremely useful in 

building more complicated functions, GR~~VE's facility for 

handling them is fairly extensive. When Fl-F40 is typed 

in an arithmetic expression, it is assumed that the 

characteristics of this function either have been previously 

defined, or will be defined before real-time processing is 

started. Essentially, three different kinds of periodic 

functions can be handled at present: 1) functions consisting 

of one or more joined line segments (ramp functions), 

2) functions consisting of one or more discrete values (step 

functions), and 3) an arbitrary-length piece of some time 

function from disc memory (core functions). Examples of 

the three kinds of functions together with the statements 

used to define them are shown on Fig. 5. Just as for the 

algebraic expressions, typing a command at the on-line 

typewriter allows a periodic function to be defined. For 

ramp and step functions, this is a matter of: 

l. Specifying what function is being defined, 

2. Specifying what type (ramp or step) of function 

it is, and 

3~ Typing a list of co-ordinates or time-value pairs. 

The ramp function interpreter automatically interpolates 

between the points typed; the step function interpreter 
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treats each point as the right-hand end of an interval 

with the value specified. Any number of points may be used 

to define a function; their abscissa values need not be 

uniformly spaced. 

For a core function, the definition portion of 

the function statement consists of: 

l. A number specifying the length of the function, and 

2. A notation specifying where the function values 

will come from. (Tl-T40) 

Any pieces of a previously generated time function 

may then be combined to form a periodic function. Core 

functions occupy much core memory since each sample of the 

function must be stored individually in contrast to ramp 

and step functions for which only the coordinates of the 

points need be stored. By packing two samples per computer 

word, up to 8000 samples can be accommodated in the DDP-224 

corresponding to 80 seconds of a function at 100. samples/second. 

This is a usable, if not a copious amount. 

The abscissa value at which the periodic functions 

are evaluated is normally incremented by one unit for each 

output . sample. However, this increment can be set equal 

to any constant, knob value or disc function. In this way 

the period of the function in output samples can be changed. 

The phase can be similarly changed. 
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By converting disc functions to periodic core 

functions and using phase control, the expression evaluator 

can effectively combine two disc functions at different 

abscissa values. This is the only way of achieving such 

time shifts in GR~~VE. 
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Display 

Once all of the algebraic expressions and the 

periodic function definitions have been ·given to the GRt)t)VE 

program, we normally will want to see the effects of our 

formulae, knob turnings, etc., on the functions of time 

we are either creating or editing. The real-time display 

enables us to see an oscilloscope display of any subset of 

the disc functions (Tl-T40). Fig. 6 is a sketch of such a 

display. The functions are displayed in "pa ges" corresponding 

to one disc buffer full of information about each displayed 

function. 

In addition to the functions, the positions of 

each of the seven knob inputs is depicted by displaying 

seven points on a vertical scale. This vertical scale is 

made to march across the function display, thereby indicating 

the exact position of "program time" along the abscissas of 

each of the disc functions. The disc buffer number acts 

exactly like a "page number" in the conductor's "score" of 

displayed functions, enabling him to note the places in 

which mistakes were made, and return to them easily at a 

later t ·ime. 
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Control of "Pro gram Time" and Editing 

One of the most important features of GR~~VE is 

the flexible control of "program time" which may be used 

both to edit and to alter the generation of the output 

func tions. Coarse control of "program time" may be 

accomplished by typing TIME N, where N is a disc buffer 

number. If N=O, the computer will simply go back to the 

beginning of the disc functions. At any point, we may set 

a switch which will cause the computer to re-cycle 

continuously throu gh the same disc buffer. We may also 

slow down the progress of program time by reducing the 

frequency of the interrupt oscillator. Or we may stop the 

pro gress of time altogether by throwing a switch which 

essentially tells the computer: "don't progress time 

normally at all, but instead, use the value of a knob to 

g ive the current position of time within one disc buffer." 

The x-axis of the 3-dimensional wand is drafted for this 

task, since moving it from left to right most resembles 

the perceptual task of moving a time pointer along an 

abscissa. Along with the visual display of the time functions 

and the ~erceptual feedback from our controlled system, we 

now have a fine control over the exact position of program 

time. This is a very powerful feature of the editing system. 

By throwing a switch, the user may essentially 

"re-draw" any portion of any disc func tion using any input 
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device he likes, such as the X-Y axes of the 3-dimensional 

wand or a knob value. While he is doing this, he can not 

only see what he is doing on the oscilloscope display, but 

he can also observe its effect on the controlled process. 

So it is quite possible to stop in the middle of a run and 

"tune up a chord" or adjust a motor speed at some point, 

and then go right on. The change may be either permanently 

registered, or, as we mentioned before, it may be a "trial 

edit''. Every precaution has been taken to insure that the 

GR..D..DVE system will not destroy the record of a time function 

until directions to do so are made very explicit. But at 

the same time, given the appropriate commands, the system 

will allow any function of time to be altered in any conceivable 

manner. 



- 21 -

Example 

At this point, an annotated protocol from the 

computer typewriter will best illustrate the overall use of 

GR~~VE. The following example generates the time functions 

needed to control one voice of a sound synthesizer to produce 

a simple melody.* 

Dialogue 

$ INIT 

TYPE NU~ffiER OF DISC FUNCTIONS 

14 

TYPE STARTING TRACK ON DISC 

100 

IS LOAD DES IRED? 

NO 

TABLES NOW CONTAIN DEFAULT VALUES 

DEFINE NEW PERIODIC FUNCTIONS? 

YES 

READY 

Remarks 

l 

2 

3 

4 

5 

6 

Fl R o 2000 300 o 599 o 6oo 2000 goo o 7 

F2 R 0 0 3149 0 3150 2000 3300 0 3600 0 8 

SPEED Fl 10 

SPEED_ F2 10 

DEFINE NEW T-VALUES? 

YES 

READY 

9 

10 

*Both the operator and the computer use the typewriter. In . 
this protocol, the operators typing was subsequently underllned. 
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T1 F1 + F2 + K4 11 

T2 ( K1/ 128 )* 128 12 

TURN DISPLAY ON? 13 

YES 

TYPE DISC FUNCTION NUMBERS 14 

1 2 

TYPE NSDF VALUE 15 

1 -
INITIALIZATION COMPLETE 16 

$ 
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Remarks: 

l. The GR/)/)VE program types a dollar sign, "requesting" a 

command t hereby. We type INIT to cause the following 

initialization sequence to occur. 

2. This line requests the number of disc functions of time 

which we wish to reserve space for on the disc storage unit. 

We create more than we need here in order to save some room 

for additional functions to be added later. 

3. One disc pack may contain several "compositions" 

beginning at different places (tracks). We arbitrarily 

start at track number 100. 

4. If "yes" is replied to this question, the program will 

copy a file from magnetic digital tape onto the disc, 

starting at track 100 as specified above. 

5. This line informs us that the program found no periodic 

function definitions or T-value definitions at track 100 on 

the disc. Therefore, it automatically fills all of the 

program tables which hold these definitions with "default 

values", Tl:Tl, T2:T2, etc. 

6. If "yes" is replied to this question, the program readies 

itself to accept periodic function definitions, as shown. 

If "no" had been typed, no periodic func tions would have 

been defined and the next question would have been asked. 
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7. This statement defines a periodic ramp function named 
I 

Fl which has a period of goo samples and the shape of two saw 

teeth. It will be used to generate rhythm patterns consisting 

of a 300 sample note, a 300 sample rest and a 300 sample note. 

8. This statement defines another periodic ramp function 

which will produce a 3150 sample rest followed by a 150 

sample note. 

g. This statement essentially divides the time scale of Fl 

by 10 . . That is, it says that rather than using every point 

of Fl, we will use only every lOth value of our definition 

as the value for Fl. The reasons for this will be made 

clear below. 

10. Typing a blank line terminates the control of the 

periodic function definition processor. The INIT command 

processor now asks whether we wish to mathematically combine 

time functions (T-va lues). We do, so the reply is "yes". 

11. Output line number one is connected to control the 

amplitude of our sound source; therefore output time function 

one (Tl in this case) is defined as the sum of our two 

rhythmic periodic functions, plus the "current value" of 

knob four (K4) from our control box. The effect of summing 

these two functions will be the effect of combining the two 

rhythmic patterns defined above plus an extemporaneous input 

from knob four. 
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12. Output line number two is connected to control the 

frequency of our sound source. We therefore use T2 to 

control our melodic pitch sequence, while the periodic 

functions produce a rhythm automatically through Tl. The 

relation given here quantizes (because of the effects of 

integer arithmetic on a computer) the current value of knob 

one into 32 equal steps. Thus the current value of knob one 

will determine which note of a 32-note scale will be sounded 

(since 0(Kl<4096, Kl/128<32). 

13. If "no" is replied here, the initialization sequence 

would be complete. 

14. We may select any of the 14 time functions for display 

here by typing their numbers. We choose to observe both 

our pitch and amplitude functions_ 

15. This value allows us to specify the "resolution" of 

the CRT display; if 11 1 11 is typed, every sample of the 

specified function will be displayed, "2" means display 

every other point of each function, etc. Since the display 

preparation is time-consuming, typ~ng a larger number than 

one here speeds up operations. 

16. At this point, the initialization sequence is complete, 

at the pro gram "requests" another command by typing a dollar 

sign. This command is nSTART", which causes real-time 

processing to begin. 
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Let us now suppose that the above initialization 

sequence has been used, "START" was typed, and a "melody" 

in our 32-note scale was improvised by the user in real

time. When the improvisation is over, we push the box 

sense switch one button, 

processing, and we type: 

$ FUNC 

READY 

SPEED Fl T3 

SPEED F2 T3 

$ TVAL 

READY 

T2 T2 

T3 K3/64 

$ TIME 0 

$ START 

the program stops real-time 

17 

18 

19 

17. This command allows us to define new periodic functions 

or re-define old ones. Here we specify that the "speed" of 

Fl and F2 is now given by T3, rather than being constant as 

it was before. 

18. We also input new T-value definitions by typing the 

TVAL command. T2 is set to simple "playback mode" and T3, 

which will control the speeds of Fl and F2, is a value 

between 0 and 4096/64=64. 
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19. This command resets the current disc track number to 

zero, which is synonymous with starting again from the 

beginning. We then start the program again, and, using the 

improvised melody as it was input before, superimpose new 

rhythmic patterns on it by turning knob three. Knob four 

still controls the overall amplitude of the sound. 
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Conclusions 

The GR,.6,.6VE program has been in a process of 

development and use since October 1968. Many of the 

features which we have described, such as knob controlled 

"program time" and core functions, were added as a result of 

the demands of users. Future changes will undoubtedly be 

made. 

So far the program has only been used for sound 

synthesis. For this purpose, it is almost irresistible. 

Examples of existing music from Bach to Bartok have been 

realized. They can be performed with great precision and 

subtle nuance. Wild distortions of existing compositions 

using algorithms have been done and seem compositionally 

interesting. The keyboard attracts improvisation which can 

be stored on the disc and subsequently edited. Typewriter

defined functions have been used to generate rhythm patterns. 

Features that seem particularly effective are the 

arithmetic expression definition, the typewriter-defined 

functions, direct feedback from the sound generators to the 

person twisting knobs, and the editing flexibility inherent 

in knob controlled program time. 

satisfied with the program. 

In general we are well 

We believe the general concept of composing, 

filing and editing functions of time is a significant addition 
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to computer software for real-time computers. The embodiment 

of this concept in GR~~VE together with its other features 

seems to be broadly useful. We are anxious to try other 

applications. 
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OF NEW DISK FUNCTIONS 

' COMPUTE AND 
OUTPUT ONE SAMPLE 

OF 14 OUTPUT FUNCTIONS 

+ 
PACK NEW SAMPLE 

OF DISK FUNCTIONS 

INITIATE 
OUTPUTI NG 
CRT DISPLAY 

SERVICE DISK 
I/0 REQUESTS 

) 

RETURN FROM 
INTERRUPT 

FIG. 4-BLOCK DIAGRAM OF GROOVE PROGRAM 
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STEP FUNCTION 

THE STATEMENT : { IF 1 s 25 1000 75 250 100 2000 

DEFINES F1 AS : 
2000 

_ 

1 00 0 ....,._. __ ,._... 
I 
I 
I 
I --

I J l 

0 25 50 75 
t (IN SAMPLES) 

RAMP FUNCTION: 

-I 
I 
I • • • ETC. 
I 
I 
I 

100 

THE STATEMENT: { I F2 R 0 1000 25 250 75 2000 100 1000 I 
DEFINES F2 AS: 2000-

I 
I 1000~ 

0 --,....-~,-~ I 
I 
I 

I ••• ETC. 
I 

0 25 50 75 ~00 

t (IN SAMPLES) 

CORE FUNCTION 

GIVEN A DISC FUNCTION (TI3): ETC. 

,o 25 50; 75 100 125 \150 175 200; 

@ @ 

WE MAY DEFINE A 100- SAMPLE PERIODIC FUNCTION MADE UP OF 

SEGMENTS @ AND @ BY TYPING THE STATEMENT :{IF3 C 100 T13l 

DEPRESSING A SPECIAL SWITCH ONLY WHILE THE TIME POINTER 

ON THE DISPLAY MOVES OVER THE @ AND@ SEGMENTS OF 

T 13 Wll,_L DEFINE F 3 AS: 

ETC. 

0 25 50 75 ~00 

® @ 

FIG. 5 -PERIODIC FUNCTION DEFINITIONS 
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CASE NO f't101U NO • . . 

_ .. . ':J...···;s; ?~-~ ... :::~-:--~~ 
,• -.. ::1 

0 .·~ , I .. --.: .• ?', •: ', 


