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ABSTRACTv

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 sounas, which permits cne to
evaluate them aurally, and of the computer data used for
the synthesis of the sounds, which affords 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 avallable for tone quality studies and for
computer music.
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Introductory Notes

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 synthesis 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 bheen 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 instruments(4)have shown that

such knowledge was still very poor, but that computer synthesis
of sound was an invaluable tool to remedy this 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. Together with the score, some explanations are given
on the purpose cf 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 C@NVT 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




systematic exploration of the synthesis of sounds of these
types: 1t 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 various 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 1life 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 noted that no attempt
has been made to classify the sounds presented in a rigorous
way. The problems here are formidable, since 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.




" References

(1) M. V. Mathews. "The Digital Computer as a Musical
Instrument", Science, 142 (1963) pp.553-557.

(2) M. V. Mathews. The Technology of Computer Music.
M.I.T. Press, Cambridge, Mass., 1969.

(3) M. V. Mathews, J. R. Pierce, & N. Guttman. "Musical
Sounds from Digital Computers", Grav. Blatter 23/24
(1962) p. 109.

J. C. Tenney. "The Physical Correlates of Timbre",
Grav. Blatter 26 (1965) pp.106-109.

J. R. Pierce, M. V. Mathews, & J. C. Risset. "Further
Experiments on the Use of the Computer in Connection
with Music", Grav. Blatter 27/28 (1965) pp.92-97.

(4) J. C. Risset & M. V. Mathews. "Analysis of Instrument
Tones", Physics Today, 22, No. 2 (Feb. 1969) pp.23-30.

(5) R. N. Shepard. "Circularity in Judgments of Relative
Pitch", J.Acoust.Soc.Am., 36 (1964) pp.2346-2353.

J. C. Risset. "Pitch Control and Pitch Paradoxes
Demonstrated with Computer-8ynthesized Sound™, J.Acoust.
Soc.Am., 46 (Pt.1l) (1969) p.88 (abstract only).

(6) M. V. Mathews. "The Computer Music Record Supplement',
Grav. Blatter 26 (1965) p. 117.







ACKNOWLEDGMENT

I-dedicate this catalogue to Max V. Mathews as a
token of admiration and gratitude. It was indeed a
great fortune and a great pleasure for me to work with
him and to use the wonderful new means he forged to

make music.







APPENDIX -







General C@NVT Subroutine

For several of the runs which follow, a "general C@NVT"
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 #1 to #5) which P field
must undergo which conversionby setting Pass II variables in
the following way:

for instrument #1: SV2 0 10 1 N1 N2
#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 Nl=6.

If one wants to convert P7 as a duration increment (that
is, P(7) = (Function length/Sampling rate)/P(6)), one sets
N,=~T7. ' '

The conversion to increments for the ENVelope generator
is done as follows. One must provide 3 fields, the 1lst one
(e.g., P8) for attack time (in s), the 2nd one (e.g., P9) for
steady state time, the 3rd one (e.g., P1l0) for decay time.

On the note card P9 is dummy, only attack and decay times need
to be specified to their actual value. The C@ZNVT will deter-
mine the steady state time by subtracting P8+P10 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 P10 so that P8+P10 = P4). It will then apply
conversion P<J)=(Function length/lU%Sampling rate)/P(J)). To

get P8, P9, P10 converted this way, one simply sets NM=108'




General C@NVT Subroutine-
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This C@NVT provides also for conversion for the FLT

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




FRCONVT GENERAL CONVT
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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 progrem
to extend the computed G@ZTH following statement number 3,
so that one can provide GEN subroutines GEN6, GEN7, GEN8,

GEN9.)

GEN1l, 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.




GENY4

GEN4 is a Fortran subroutine to generate a stored function
as the sum of segments of sinusoids.

The calling sequence 1is

CALL GENA4
Data 1s supplied by the P(n), I(n), and IP(n) array:
CgMVM@N 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 Fj(i) is generated according to the
relation:
. N 2m
Fj(l) = (Amplitude Normalizer) xkzl A sin TFTET:T(Fki+Pk)
1= LT 41,0, I
0 <1 < IP(6)-1
The Amplitude Normalizer is computed so that max IFJ(i)I = .99999.

The parameters of the function must be arranged as follows
in the data statement:
P(1) P(2) P(3) P(4) P(5) P(6) P(7) P(8) P(9) P(10) P(11)..

Action — ,  Function . pm  p; 11 J1 A2 F2

GEN i e No. (3)

Al is amplitude

Fl is frequency multiplier
Pl is phase (in samples)
I1 is starting sample

J1 is ending sample

LS
|
N




Example:

Continuous line function: GEN, 0, 4, 1, 10%, 2, 0, 128, 384;
*arbitrary
Broken line function: GEN, 0, 4, 2, 10%, 2, 256%%_ 6 128, 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 O 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: FJ(O) = Fj[IP(G)—l], thus
the period in samples is IP(6)-1.

The function 1s stored starting in I(n) and is scaled
by IP(15):

I(n)

IP(15)#F.(0), etc. where

J
IP(2)+(j-1)*IP(6)

n
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CGENY

C
c

c

100

105
103

116
115

120
113

FORTRAN LSTOU
FUNCTION GENERATOR &
sssMUSIC Vsss

P(S) AMPLITUDE, P(6) FREQUENCY MULTIPLIER.,

ING SAMPLE,» P(9) ENDING SAMPLE
SUBROUTINE GENN

DIMENSION I(15000),P(100),IP(20)+A(7000)
COMMON I.P/PARM/IP
EQUIVALENCE(I»A) ’
SCLFT=IP(15)
N1ZIP(2)+(IFIX(P(8])-1)*IP(6)
N2=N1+IP(6)-1

00 100 K1:=N1esN2

A(K1)=0.0
FAC=6.283185/(FLOAT(IP(6)})~1.0)
NMAXZI(1)-4

DO 103 L=S5+NMAXsS

pP2z=P(L)

P3z=P(L+1)

PyzP(L+2)

JPS=P(L+3)

IPS-JPS¢N1-1
IPE-IFIX(PEL4))*N1-1

DO 105 JzIPS,»IPE
XJ=J-JPS5-N1+1

ARG= XJeP3+Fuy
ACJIZA(J)I+P2+SIN(FAC*ARG)
CONTINUE

XMAX=0,000C001

DO 115 J=N1.N2

IF(XMAX-ABS (A(J}))I116+115,115
XMAX=ABS (A(J))

CONTINUE

D0 120 L=N1,N2
T(L)=ZC(A(L)*SCLFT*,99999)/XMAX
RETURN

END

P(7) PHASE,

P(8) STARTI

A-T7



GEN5
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.




GENG

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:
CPMM@N I, P/PARM/IP

GEN6 is written in Fortran and requires both an exponential

and a base 10 logarithmic function: EXP(X), AL@G(X).

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

ment:

P(1) P(2) P(3) P(k) P(5) P(6) P(T7) P(8)
Action Function -

GEN Pime 6 Noo (3y -~lospAl a2 A3 log,Al

The function is computed according to the following figure:

Pe) x’?W)

. 7)) 1167,
2 [§

1 128 256 384 512

The 1lst 128 samples of the function increase exponentially
from a value 2_P(5) (e.g., 1/2048 if P(5)=11) 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.




GENG6
-2 -

The following 128 samples of the function decrease exponen-
tially from value P(7) to value =P (8)

The last 128 samples of the function are zero.

The function is saled 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 -1
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 .99 .5 10;
will give for F2 »
-49
. 5
2%z 2 ,.a’/'
2% R
A A28 56 3% 2.

GEN 0 6 3;

1

- 94999

will give for F3

-1
L]

v

A 128 asg A8k 512




CGENR GEN6 FOR ENVELOPE
[ s+¢essMUSIC Vsesses
CGENG FOR ENVELOPE WITH EXPONENTIAL ATTACK AND DECAY
SUBROUTINE GENG
DIMENSION I(15000)+P(100)+1IP(20)
DIMENSION A(S12)
COMMON ToP/PARM/IP
SCLFT=IP(1S)
NIZTIP(2)+(IFIX(P(4)+0.001)-1)s1P(6)
6 N11=N1-1 :
NEZIP(6)
N2ZN6/ 4
XNOA=N2-1 .
NIZN2+N?
NY-N3I+N2
ARGL1=P(5)
APG2=P(6)
ARG3=ZP(T)
ARC4HZP(8)
IF(ARG1)610+610¢611
610 Y1T11.»AL0G(2.)/XNG
GCT0612
611 YIZARG1+ALOG(2.)/XNG
f12 CONTINUE
IF(ARG2)IE1U4+6149615
614 ¥Y2=.99999
GCT0o616
615 Y2:zARG?2
616 CONTINUE
IF(ARG31618+618+619
618 Y3z-.9¢22¢e
GOTN620
619 VY3zZARG3
620 CONTINUF
IFLARGY)622+622+623
622 Yu=-11.*ALOG(2.,)/XNQ
GOT05 24
623 YUZARGCUsALOS(2.)/7XNG
624 CCONTINUE
N0 630 J=1eN2
XJzJ=N2
YJZY1leXJ
AtJ)=.99393sEXP(YU)sY2
JJUzJeN11
630 I(JJ)ZACJ)eSCLFT
FACTZtY3-Y2)/XNO
NM2Z=N2+1
70 5403 JUZNN2WN2
AJzJ-N2
A(J)=.99999«(Y2+FACT=AY)
JJTJUNIL
640 T(JUIZACY) +SCLFT
MNZZN3+1
DN 650 JZNN3WN4Y
XJZNN3=-J
YJ-Y4s Xy
A0J)I=,99299=EXP(YU)=Y3
JJzJeNIL
ES50 T(JJUI-A(JU)YsSCLFTY
NNYZNTL «NY
NNEZIN11+NS

NDOERO JNNU W NNG A-11
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P VIR ¢

RETURN

FND

GCEN 6
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GEN7

GEN7 is a Fortran subroutine to generate a stored function
which can be a rising exponential, a decaying exponential, or a
bell-shaped curve.

The calling sequence is

CALL GENT
Data is supplied by the P(n), I(n), and IP(n) array:
CZMM@N I, P/PARM/IP

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

ment:
P(1) P(2) P(3) P(4) P(5)
Action Function .
GEN  “nime 7 Number 5
If P(5)>0 GEN7 will compute a function rising exponentially
- A
from 2 P(5) to .99999. Such a r
- 91119
function used to control frequency
will cause the pitch to go up
2-&0
P(5) octaves (if P(5) is integer). , ~ >
2

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

-P(5)

from .99999 to 2 Such a function used to control frequency

A
will cause the pitch to *T19999

go down P(5) octaves

-Pw)
(if P(5) is integer). 2 —1 >
A 51

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

sented on the figure. If the ordinate scale is in db, the curve




GENT

-2 -
A
is a portion of a sine wave
94444
with a D.C. bias. The peak
ordinate 1is equal to .99999
and the end points ordinates
_,u Lhx \o—k
are equal to .64x10 ', which 1
4 2576 s
is 84db below. The formula used is
F(x) = exp[log(.008)(1—cos2w(5:%%%%§))]




~

2C%

259

2°¢

390

325
500

EGGEMNT GEN 7 FOR GLISSANDI OR EXPONENTIAL DECAYS

EEEECS S S ESE
IF PtS)=N POSITIVE GO UP N OCTAVES
JF P(S)=-N GO OOWN N OCTAVES
CONSTANT NUMBER OF SAMPLES PER CCTAVE (EXPONENTIAL PROGRESSICN)
IF P(S5)z0 DRAW SPECIAL SPECTRAL ENVELOPE
SUBROUTINE GEN7Y '
DIMENSIION I(15000)«P(100)+IP(20)¢A(7000)
COMMDON T sP/FARM/IP . '
EQUIVALENCE(I,A)
SCLFT=IP(15)
NIZIP(2Y+(IFIX(P(4))-1)«]IP(6)
N2=N1+IP(F) -1
D0 100 “z=N1sN2
A(K)=Nn,0
IF(P(S))2020¢300¢250
GC COWN P(S) DCTAVES
XN= P(5)*AL0G(2.)/511.
DN Z0S JZN1eN2
YJzJd-N1
YUz XNaXJ
A(J)ZFEX2(YJ)*,99999
T(JIZA(J)*SCLFTY
f0TA50C
CC UP P(S) OCTAVES
XNT P(S)*ALTIG(2.)/511.
00 285 JZN1N2
XJzJ=-N1-511
YJI XNaX !
A(J)ZEXP(YJ)*,99933
T(JIZACJ)»SCLFT
5072500
AMPLITUDE FOR ENDLESS GLISSANDI
CONTINUE
DC 225 JzN1N2
XJZJ-N1+1

I (B,.29322(XJ~-256.5)1/511.

2J=AL0G(.008)%(1.~-COSLYU))
ACJYZEXP(Z2J)*.9299999
I(J)ZA(J)«SCLFT
RETLRN
END

A-15



GENS
GEN8 is a Fortran subroutine to generate a stored functicn
which can be a bell-shaped curve with one, two or three peaks.
The calling sequence 1is
CALL GENS8
Data i1s supplied by the P(n), I(n), and IP(n) array:
CZMM@N I,P/PARM/IP

The parameters of the function are given in the data

statement:
P(1) P(2) P(3) P(L) P(5) P(6)
Action Function 5
GEN Time 7 Number n m

P(6) field is used only if P(5)=0.
If P(5)=0, GEN8 computes a bell-shaped function with

one peak, as shown on 4

the figure. If P(6)=0, - 49944

default value P(6)=1 is

assumed: This corresponds (00§;@
N 1
to end points ordinates 1 256 5712

Y

42db below the peaks ordinates. The function is computed

according to the formula

n-256.5
F(x) = exp {iog(.OOS)Xng) X[l‘cos(gl_ngﬂ——)i}

If P(5)>0, GEN8 computes a bell-shaped function with

two peaks, as shown T

on the figure. The - 99991

function is computed

zccordins o the (OOQ)W” A\ R

P maenn T . ! A nx




GENS
-2 -

F(x) = exp {éog(.OOB)XPE?)X[l—SiHEﬂ(E%%%)q}

For P(5)=1, the end points ordinates are 42 db below the

peaks ordinates.

If P(5)<0, GEN8 computes a bell-shaped function with

N
three peaks, as shown

on the figure. The na

function is computed
P(s)
according to the (. cos)

N

1
1 YEY 7

F(x) = exp {log(.008)x[zféiqu[l-sin2n(x£$g)i}

formula:

For P(5)=-1, the end points ordinates are 42db below the peaks

ordinates.




NUMB T1620 15.689 08-20
BBX M147.J.C.RISSET X2
PRAGE N8 )

CeN 0 & 4 ) :
s01. /

Gew 0 3 ) 1) .
1001. N

1S01.

N 07 | - 6;

2001,

A-18




[a e Na e Nel

10C

200

325
500

CENVGFNA GENS8 FCR 1+2+3 PEAK CURVES

SEERERE
FOR TONF HEIGHT VERSUS TONALITY STUDY
o(5) ZERO ONE PEAK
P(c) POSITIVE TWC PEAKS
O(S) NEGATIVE THREE PEAKS
SUBPOUTINE 5HENS )
DIMENSION I(15000)+P(100),IP(20)+A(7000)
CCMMON TeP/PARM/IP
EQUIVALENCE(T,A)
SCLFT=IP(15)
N1IZIPI2)+(IFTX{PLU))-1)+]IP(6)
N2=N1+IP(E) -1
N3 100 K=N1sN2
Ath)=0.0
IFiP(S5))230+250+ 300
THPFE PEAKS
CONT INUF
XMz -P(5)
NQ 225 J=N1eN2
XJzJ-N1+1
YJ  =(5.2332*(XJ-44.))/170.
2 = ALOGLGCOP)I*(1a-SINC(YJ))*».5+XM
A(J)IZFEX2(2D)
T(JIZACJ)*SCLFT
G0OT1500
ONE PEAW
CCNTINUF
XM=P(6)
IFIXM.ER D) XML,
NN275 J=N1eN2
XJzJd-N1+1
YJ = 6.28B22*1XJ-256.511)/511.
2J=ALOG(.008)*(1.—-COS(YJ))=».5«XM
A(JIZEXP(ZJ)
I(J)=A(J)*SCLFT
GoTCSNO
TWO PFAKS
CONTINUE
XMz=P(S)
DC325 J=N1eN2
XJ=Jd-N1+1
YJ T(6.2832*(XJ-65.)1/256. }
ZJd = ALOG(.008)*(1.-SIN(YJ))* 5¢XM
A(JIZEXP(ZY)
TCJ)ZA(J)*sSCLFT
RETLURN
END
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This is a melody played by an instrument reminding of a flute.
&=70 N
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Instrument #2 Pg Pqa V5 Vo7 Py P7 Py

imis

®

P¢

This instrument gives a

wave with a time envelope,

a random amplitude modulation

and a periodic smplitude

modulation.

The wave corresponds

initially to function F2; by means

of SET, it can be changed to function Fn,
where n is the value of P11l in the note’ card.
(If n < o no change is effected.) Here F1 - sine wave, F2 -
4 harmonics wave, F3 - 6_harmonics wave - are used; for these
3 functions the fundamental 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 deliberately introduced. The time
envelope corresponds to functions F5 and also Fi4, F6, F7; it

F5 shape
gives slow attack and decay. (alse Fu %, )
>

L4
The random amplitude modulation

range is only 1% of the amplitude, (see C@NVT),
and its rate is around 60Hz. This modulation is on-ly marginally

sienificant.
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The periodic amplitude modulation is performed using
function F12, giving a sine wave with a D.C. bias. The rate
fia 4
is given by V7 and is around 5Hz. 4 9

Both F12 and V7 are changed in the .74

course to the melody, (similarly g

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.




COMMFAT FLUTE RUN ON TAPE M1669 FILE 6: GEN O 5 5; ‘100
COMMENTISAMPLING RATE 10000 HZ: SIA 0 4 10C00: H
COMMENT:INSTRUMENTS FOR FLUTE LIKE TONES:

INS O 2:RAN P8 P93 B3 P30 P29 P28:AD2 B3 PS B3;

0SC B3 v7 83 F12 P25: SET P10

0SC R? P7 B3 F5 P27:SET P11:;0SC B2 P6 B3 F2 P26:0UT B3 B1:END:
INS O 3:SET ©28;0SC PS5 PT 83 F8 P30:SET P9;0SC P6 P7 B4 F9 P29:
0SC 22 By B2 F1 P28:;0UT B3 B1:END:

COMMENMT :MC TRONOME MARKING 703

SV2 0 2 3CiSv2 € 30 ¢ 70 20 70

SV3 0 7 240

GEM 0 72 1 1 13

GEN C 2 2 1 .2 .08 .07 43

GE* 0 2 3 1 .4 .2 1 .1 .05 6=

GEN O 1 4 01 .2 50 .6 140 .99 180 .9 205 .5 250 .25 300 .12 350 .06 400
<03 450 0 512

GEN 01 S 01 .2 50 .6 150 .99 200 .2 350 0 512}

GEM 0 1 6 0 1 .2 50 .5 250 .2 350 0 512:

GEN 01 7 01 5 80 .5 140 .99 160 .4 280 .6 420 0 512

GEN 0 1 2 O 1 .4 150 .39 350 .5 400 .24 450 ¢ 512;

GEN 0 1 9 .895 1 .99 S512;

GENM € 1 1C .999 1 .9993 S512:

GEN 0 2 12 .26 .74 1:

NOT .88 3 .12 1200 988 .12 8 10;

NOT 1 2 2 800 1109 2 20 60

GFN 1 1 8 01 .95 100 © 512:

NOT 1 3 .7 300 1107 .7 8 10:

GEN T 2 12 .3 .6 13

NOT 3 2 .3 300 784 .S 30 50 4;

NOT 4.5 3 .375 1200 1337 .375 S

NOT 4.85 3 .15 1200 932 .15

NOT 5 3 .7 300 131CO .7:

NOT S5.01 2 2 1200 1109 2 30 80 6 2:

NOT 7 2 .2 400 784 .2 40 70 7

NOT 7.2 2 .3 300 698 .3 30 60 S

NOT 7.51 2 1 300 370 1 30 50 & 2:

NOT 7.5 3 .5 150 368 .5 8

NOT 8.5 2 .5 400 415 .5 50 6C S

NOT 9 2 .12 3900 1396 .6 30 80 4 2;

NOT 9.1 2 1.2 9C0 1568 .8 30 90 4 2
SV3 10.24 7 .31:

MOT 1C.25 2 1.0 900 277 1.08 40 6C 7 3:
Sv3i 12.08 7 .28: ’

NOT 10.25 3 1 2CC 275 1 6 107

NOT 11.35 2 .35 500 329 .31 30 60 5 2:
NOT 11.72 2 .36 800 528 .26 30 60 5 2:
NOT 12.C09 3 .20 95C 2217 .2 6 9

NOT 12.10 2 .15 700 1275 .13 80 90 5 1.
NOT 12.23 2 2.5 999 2217 1 40 S0 4 1:

TER 197

C CONVT FOR FLUTE

SUBROUTTNE CONVT
COMMQON IP{10),P{100)¢((1000)
IF(P(1).NE.1.)6G0T0100
F-sl1l./65(4)
PtE)=FsP(E)
P(T)ZF/P(4)
IF(PL3).EQR.3.)G0T0100
P(2)ZF«P(I)
Ot81=.012P(S)

100 RETURN
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 clarinét
sounds. The 12-tone development 1s done automatically in
the 3rd pass, by repeated scanning of stored functions:
frequency contrélling 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

(6)

in the 3rd pass

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:

L4
Py e e
| 4 T ¥ —¥ .
h# .ﬁ#l b ) O}
. 18
~J L
p=
¥3 = A+ R >
)—e b - j]'—_ﬂ—- -
- " X
#y = — v A J
pres

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

For instance F5 corresponds to the following rhythm:

~ 3= -3
Y g 2 Y o I"71 Pl 4 Y, ?fl'% Y;Z;L54Z4L7¥_4+

Tre tempo is .1 = 132 for a scanning duration of 5.91s.
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The oscillators I#@S . using F5, F6, F7, F8 accept negative
increments that will cause the function to be scanned back-

wards.

Instrument #1 is diagrammed here. A sine wave F1l is amplitude
P B Rs Pyl V%,

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 | ($“9 ¢Ez
of the input B3, which s ‘
must be in the interval -256,+256. @

Fa

This is achieved by using ﬂ‘

the bottom oscillator in %
o 745
>
a degenesrate way, whereby-js s il

A2

L

B3 is used as sum with a

F
frequency increment of Fs ¢
0(V1=0). Both P9 and P5 }\

v

determine the maximum amplitude,
but the value of P9 (in the
interval -256,+256) determines the amount of "distortion" per-

formed on the sine wave. (The output is still a sine wave 1if

)
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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 frequercy controlled respectively by functions Fé

and F8. F3 is an all-positive wavéform, generated by GENT

(cf. description): it is a sine wave in a dB scale, with the
lowest point 84 4B 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 controlled by Fi. FlU is

F
a decaying exponential: this *¢

1
gives a percussive sound. The

rate of scanning the amplitude

-9
function 1s about 12 times the -
La b Y

rate of scanning the frequency function: 1if 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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machine without a (;) in the character set.) Also
GEN1 is for this example defined with abscissas

ranging from 0 to 511.
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CruuemY SEDTAL SUNCTTNNS WITH NIN ( INFARITYS

FOvvENT FrTS SFRTFLLES CLAR )1 rELL0 2%

IMS ~ 1g<TT ppeTt™nNS P9 P7 Q3 F5 P1OS

SFT P17ev(C< PF P By F7 P11%

neC 2% %4 a3 ©) PIN€AD2 A3 VP R3S

0SS PS VY RD F£2 BRIEOUT B2 B1AEFNMNS

L0 N U O A

fFM A} 2 -,9@ 0 - € 2NN & 312 .09 51}t

TNSE N 94SET P2« TNS OS5 P7 77 £5 P10S

€FYT ©Oy7e1C Pc Po By £8 P1]1%

N<C @1 ay R3 €3 P30T RT PITENDS

TSy A )} 0 2%5fke

OFN N 7 T N1t

fEM M} 4 0N .2 PO 140 .99 250 .2 IXC ,2 4CO0 0 S11¢
rAMMEnNT €0 TS NFE NYTHME PUYTS DOF PITCHS

TEM AL E 00 L% 4 .6 10 C 29 0 5R .7 62 .2 72 0 7R 0 97 .u 102 .1

1™ 0 112 0 147 .9 149 € 153 .2 156 .8 158 .3 120 0 196 0 203 .3 211

.7 225 .7 220 C 233 0 24P .4 25C .9 255 0 262 0 275 .29 276 0 314 O
.% 335 ,2 345 0 353 N 37T ,A93 TTS 0 293 0 422 .6 423 .1 432 .7 433
.7 4ul f 452 C €11€

GEN N} 3 Ff A .93 5 S0 ,2 55 0 53 0 84 .8 A6 .9 107 O 114 O 151

2y

#2185 L7 167 C 171 M 211 .99 2417 .2 224 .3 227 .99 231 .h 150 .8 280
<N 284 .5 2RF L4 220 ,0% 292 .5 300 .8 306 0 312 n 381 .6 38T 0 7 O

412 .7 415 .2 425 £ 480 © 492 ,93 49% .6 S04 C S11¢
GE* 0 1 7 523 N ,593 42 .99 43 .99 8S .37 86 .37 127 .527 128 .S527
177 €67 171
«eHR7 212 <351 213 351 2?55 .790 256 .79N 298 .555 299 ,555 40
JUFE 24 .4f8 382 ,FEPu ey R4 425 ,832 42F .B2Z 4ES L8B9 uce ,889
17 .59 §511¢%
GFN 0 } # 275 € .37% a2 270 43 ,2C0 85 .999 86 ,.999 127 .233 178
«3II 1TN 158 171 1S8R 21?2 422 213 422 255 .601 2S6 .ARNL 298 L1141
229 L4} Iyr 227 34) 277 TRT ,534 204 ,534 425 450 42F 450 468
717 W69 L TL2 S10 .375 S1%
IMCS A 3Ie0SC PE P7 B3 Fy PINCICS PR PR B4 F?7 P29¢%
neC A3 "y /3 T PpPRen)T B3 ]1SFENDS
AEN O 7 4 -Q¢
<TA 0 4 270nr%
FAMMERT T SCT GENFTAL FNNVTE
Y2 0 1”2 f =7 -c
SY? N 20 1 & -7 -g%
TYy? 0 Tr T g -7 -ag
NPT 1 1 11.22 250 1FuN 11,87 10.90 25CS
NAT Ju .82 | 27.64 200 1R40 -11.87 -10.90 25nS$
MOT TRE,uu ) 11.P2 257 2304 11,82 10.90 250%
MNTY 3,72 7 1 Fe32 800 228 8.16 10.90%
MNT F£.4F | 29.F 450 £20 5,91 -5,45 220%
MNYT C,uS ] 29.6 400 576 2,955 -5.45 20N%
MPT 2u 2 16,32 20C 45% -16.32 -10.9Nn¢
NAT Ju | 23,84 400 R?0 -}1.RR2 10,90 250%
NRY 7Aoo 2 JR,32 ANC 228 B,16 17,90%
AT TN T 22 59N 6550 ,92 11¢%

Yo cye
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This run provides a few "brass-like" tones. Here no
attempt has been made towards economy of specification:
schematized data from real trumpet tones have been uéed (ef.,

J. C. Risset and M. V. Mathews, Physics Today, Feb.1969).

g
l

Instrument #1

This is a degenerate instrument Ps- P,
which simply provides for random \ \
frequency modulation in the other RAX
instruments. The range is around IB&

.5% of the fundamental frequency;
the rate is around 10Hz. (These are
low values: 1in this example the

random modulation is not very significant.)

Ps
Instruments #2, 3, ..., 6 i P7 Py B

These instruments are used v
to synthesize tones with fat
different envelopes for each @ i

partial: 1lst partial with

function F2, ..., 5th partial w .

with function F6. Random e

(6

v

frequency modulation is
possible using instrument #1.

Fl is a sine wave.
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Instrument #7 »

This instrument is used to
synthesize partials with

different attacks anq decay.

ENnvV

rno
O



COMMENT:8RASSY TONES WITH INDEPENDEANT CCNTRCL OF THE HARMOMNICS:
COMMENT:TAPF M2029; & 200
COMMENT :SAMPLING RATE 12.5 KC:

COMMENT:FOR FREQUENCY MODULATION AT RANDOM;

INS O 1:PAN OPS F7 B2 P30 P29 P2BiEND:

COMMENT:FOR IMGEPENDENT HARMONIC CONTROL :

INS 0 2;SFT Pa3;I9SC PS P? 83 F2 P30;

AD2 P6 82 B4:0SC B3 B4 B3 F1 P29;0UT B3 BLl;END:

INS O 3;SET P8;0SC P5 P? B3 F3 P3C:

AD2 P6 82 84;0SC 83 B84 B3 F1 P29:0UT B3 B1l:€END;

INS O 4;SFT P8;0SC PS5 P7 B3 F4 P3C;

a02 P6 B2 B4:3SC B3 84 83 F1 P23;0UT B3 B1l:END:

INS O S;SET Pe;0SC RS P7 B3 FS P3C: -

AD2 P5 B2 B4:0SC 83 B4 83 F1 P29;0UT 83 B1:END:

INS 0 6:SET P2;0SC PS P7 B3 F6 P30:

AD2 PS5 B2 34:0SC B3 34 B3 F1 P29:;0UT 83 B1:END:

COMMENTIFOR ATTACK AND DECAY TIMES:

INS O 7:ENV PS F7 83 P8 P9 P10. P30:;AD2 P& B2 B4;

0SC R3 B4 B3I F1 P29:0UT B3 Bl:END:

STA O 12500:
S5EN O 11 1:

GEN O 2 .001 10 .282 26 .112 40 .178 429 .159 473 .008 500 .001 512:
GEN © 7 .001 1% .5C0 434 .355 454 .C16 490 .001 S512: -
GEN O 4 .001 23 .550 435 .001 S512:

GEN O 5 .001 10 .005 12 ,.224 %18 .224 431 .178 458 .001 512;

GEN 0 6 .001 10 .0092 21 .089 33 .022 45 .022 73 .112 226 .178 264
.071 5 .062 468 .001 S12: .

GEN 7 01 .993 128 .999 256 0 384 0 512:

NOT .17 .6 554 10:

NOT .17 200 554 0 7.5 O 140: .
NOT .17 16C 1108 ¢ 7.5 0 110:

NOT .17 350 1662 0 12 0 85:

NOT 1.00 7 .15 31C 2216 O 14 ¢ 803

NOT 1.00 7 .14 160 2770 0 24 0 65:

NOT 1.00 7 .14 20C 3324 0 27 0 60:

NOT 1.00 7 .14 99 3878 0 32 0 60;

NOT 1.00 7 .14 20C 8432 C 30 C 60

NOT 1.00 7 .14 80 4986 0 35 0 60:

NOT .15 .6 293 10:

NOT .15 50 293 0 10 O 140:

NOT .15 80 5860 10 0 110;

NOT .15 100 879 0 12 0 85;

NOT .15 175 1172 0 17 0 80

NOT +15 180 1465 0 25 O 65

NOT 3.C1 7 .15 15C 1758 0 30 C 6C:
NOT 3.01 7 .15 100 2051 0 35S O 60:
NCT 3.01 7 .12 20 2344 C 35 0 60
NOT 3.01 7 .14 SO 2637 O 40 O 100
NOT 3.01 7 <14 60 293C C 40 0 1CO0:
NOT 3.01 7 .14 140 3223 0 45 0 100
NOT 3.01 7 .17 20 3516 0 45 0 100:
NOT 3.01 7 .13 45 3803 0 40 O 100:
NOT 3.01 7 .12 25 4102 0 45 0 90:
NOT <4 .4 784 20:

NOT .4 80C 784 C3:

NOT .4 BOO 1568 0

NOgT «4 80C 2352 C:

NOT .4 800 3136 0O

NOT <4 8CC 3920 C:

NOT A, 1 7 .4 330 20

NOT 6. «7 1400 830 O:

DOONUVNEFULUN ODOADOO0O0DANNNNNROOOOIOONNN R I 1t b 1o b b N F

DADNDNNUD NN NN WNWWE WWN WW W W W NN e et s bt bt ot ot ot gt bt O

S
naT 3 .7 1CCO 1660 O A-30




NOT €.0 4 .7 1CCO 2490 03 #f 200, combimmes
NOT 6.0 S .7 1000 3320 0:

NOT 6.0 6 .7 1CCO 4150 0:

NOT 6.8 1 .1 0 SO 0:

TER 8:

SUBROUTINE CONVT
COMMON TIF(L1C)+P(100).+G(1000)
IF(P(1).NE.1.)6G0T0100 .
F=511./G(4)
P(B)=F*O(5)
IF{G(10).GE .+.5)6070200
IF(P(3).E0.1.)G0TO10
IF(P(3).£EQ.7.)G0T070
PUT)YZF/P(4)
G0To100 .
10 P(S5)=.01«P(S)*P(56)
P(T7)=FsP(7)
GOYD100
70 FENV=-Fe,.25
P(8)=.001*P(8)
P(9)-.0C1*P(9)
PL{10)-.001+P(10)
P(S)=PlYy)-PIB)-P(1C)
IF{P{(3))2¢3¢8

2 PLeI=(P(E)*Pl4)})/tPIB)+P(10))
PL10)=(P(10)+P(4))/(P(8)+P(10))
3 Pt9)cz128.
53705
4 P(Q)=FENV/PI(3)
5 P{8)ZFENV/P(8)
P{IC)IZFENV/FL(1C)
6077100

200 P(6)=P(G)sP(3)%*10.
PLTIZF/P(Y)
FEMV=F#+,25%
P(8)=.,001+P(8)
P{9)=.0C1*P(9)
P{10)=.001+*P(10)
Ptg)zP(y)-P(8)-P(1C)
IF(P(3))202,203.204

202 P(R)=(P(8)*FP(4))/(FP(8)+P(10))
PU10)=(P(LO)«P(U))/(PLB)+P(10))

202 P(9)z-128.
60710205

204 P(9)=FENV/P(9)

205 P(8)YZFENV/P(8)
P110)=FENV/F(1C)

100 RETURM
END

'A—31
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This is the same run as #200, but played back at a
sampling rate of 5000Hz instead of 12,500Hz--hence all
frequencies are multiplied by .4, all durations are multi-

plied by 2.5.
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This run gives 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 limited 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 (#1) is diagrammed here. The amplitude of one
partial (which will be in this example harmonic #1) is con-

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

P P8 Py T Sieclar basic blodR:
ENV Basic Meck for Mormamic #3  Forhamows b2 7

Fa — —

B ‘ ?
= |

F (% J

$ov

.
—— . m—  — = —— — — f e e o

maximum amplitude of this component is 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 reservéd 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 (V1 = 0), which
performs simply as a function look-up unit. E.g., for

harmonic #2 the output of this 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
blocks 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 C@NVT subroutine
computes the steady state time as P4-PT7-P9. -

The example includes two sections, which differ by the

constants V22,..., V28 and the functions F2, ..., F7 used with

=3
|

W)

s
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the instrument. Hence the way the spectrum depends upon the
amplitude of harmonic #1 is different in the two secfions;
however in both sections ‘it retains one important characteristic
of brassy tones, namely the fact that the proportion of high
frequency energy increases with the intensity of the sound.
In the first section functions F2 to F7 are as plotted
(Plot attached). All functions have value .05 for abscissa
50: when 1lst 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 on. Thus when
PS5 = 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 increase respectively 2, 3, ..., 7
times as fast. Overloading (peak amplitude higher than 2048)
occurs when P5 is between 80 and 90. So the useful range for
P5 is from O to 80 (but the sound is sinusoidal for P5 < 33).
The first sound is a long tone with dynamics represented
by sf-p-cresc, to illustrate how the spectrum brightens when
the amplitude increases. Then follow 9 short 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
most actual trumpet sounds--because of the unusual way the

harmonics come 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 1s 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
contrclling 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 éollar signs ($). (This run was performed on a
machine witnhout a ; in the character set.) Also GEN1l is for

this example defined with abscissas ranging from 0 to 511.

N
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CNMMENT SIMPLIFTED BRASSY SOUNDSS

INS O 1$FNV PS F8 B3 P7 P8 P9 P30SOSC B3 P6 B4 F1 P29s0UT B4 B1s
0SC V22 V1 B4 F2 B3ISMLT P6 V2 BSSOSC B4 BS B4 F1 P27¢0UT B4 S1s

0SC V23 V1 By F3 B3ISMLT Pg V3 BSSODC B4 BS Ra F1 P25S0UT B4 B1g

O0SC V24 V1 84 Fy B3IEMLT P55 V4 BSSOSC 84 8BS B4 F1 P23s0UT B84 Bls

0SC V25 V1 B4 FS B3IsMLY P6 VS5 BR5S0SC B4 8S B& F1 p21sCUuT By B1ls

0SC V26 V! BY F6 B83$MLT P6 V6 B8530SC 84 BS By F1 P19sOUT 84 Bls

0SC V27 Vi 34 F7 B3IEMLY P6 V7 BSSOSC B4 BS B4 F1 P17sCUT By BISENDS
CAOMMEMT TN SET ATNERPAL CONVYS SV2 0 10 2 6 107$

Svz. A 1 02 3 456 7%

<v3 n 22 1000 2000 1900 1250 1000 8S0%

CFN 0 2 11 1¢

fEN O 1 2 0 CN" 33 .2 100 0 S11SGEN O 1 3 0 0 O 40 .3 100 O S11%
GFN 0 1 4 0 0 O 43 .4 100 O 5118GEN 01 5 0 0 0 45 .5 100 0 5118
GEN O 1 50N 0 us .6 100 O S11$GEN O 1 7 0 n O 46 .7 100 O S11%
GEM N 1 R 0 0 .5 128 .999 256 0 384 0 5118

NOT 1 1 S 20 S54 .NS S ,25%

GFN 7 1 2 0 0 .99 10N €5 110 .8 128 .6 256 .3 200 0 382 0 t11%
NAT R.S 1 .3 45 S54 .05 0 .1%

NAT 9 1 .2 S0 S54 .05 0 .1%

NAOT 9,58 1 .3 55 554 .15 0 .19

NNT 2101 .3 2C 554 .05 0 .19

NAT 10.5 1 .3 69 554 .05 0 .1%

T 11 1 .2 65 554 .08 0 .1%

NOT 11.5 1 .2 70 554 .05 O .1$

NDT 12 1 .2 75 S%4 .05 0 .1%

NOT 12.5 1 .3 87 554 ,05 0 .1$%

SFC 1us¢

SV3 n 22 4000 SCOC 2400 4000 1000 5000S%

CEN ~ 1 200 C 33 .05 50 .110 10C O S11s%
GFN 21 3 0 C 0 49 ,05 SO .120 100 O Slls
GEN N 3 2 0 45 85 C 0OS

NOT 1 1 .6 SN 582 .05 .4 .1SS%

NOT 2 1 .6 60 682 .05 .4 .15%

NOT 3 1 .6 70 682 .05 .4 .1SS

NAT 4 1 .F 20 EB87 .05 .& .15%

NOY 5 1 3 85 582 .05 3 .2%

TFe 9¢

A-38
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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" (like
harpsichord sounds). Also an example of '"choral effect" is
given. P g Py L3
Instruments #1, 2, 3

These instruments are
diagrammed here. They give
waveshape F1 with an envelope Vi
defined by functions F2 to F7. )

The sum of the waveshape

oscillator is stored in a
Pass IITI variable: this
permits click-free "legato" transitions between successive notes
(that 1is, 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 "legato" transitions between successive notes.

Function F1 comprises 11 harmonics. This same function 1is

used in instrument #4.




#250

The first section plays an excerpt of a Brittany folk
melody with one voice (produced by instrument #i). 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 1 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) éomewhat
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 F1 but with a short WP Pep Ps Po Ps
(exponential) attack and an

ENV
exponential decay. This F3

section uses instrument #U,

diagrammed here. Function F8

gives an exponential attack W

and decay between 1 and 279!

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.

1)




COMMENT2SAME SPECTRUM
COMMENT SSAMPLING RATE
INS 0 13SET P8;0SC PS
INS 0 2:SET P8;0SC PS
INS 0 3:SET PB8;0SC PS
INS O 4JENV PS F8 B3 P
COMMENTITO SET GENERAL

SV2 0 10 2 6 -7
Sv2 0 20 2 & -7:
Sv2 0 30 2 6 -7:
SV2 0 40 2 6 107:
GEN 0 2 1 40 30 35 50
GEN 0 3 2 0 10 86 7 6
GEN 0 3 307 8 105 S
GEN 01 &8 .6 0 .9 120
GEN 0 1 5 .5 0 .6 240
GEN 01 6 .6 0 .9 20 .
GEN 0 1 7 .5 C .8 40 .
GEN 0 6 8 9 .99 .99 97

COMMENT:BREIZ BOMBARDE
COMMENTIONE SINGLE vOI
NOT 1 1 .5 6CO 486 .S
NOT 1.75 1 .25 600 64
NOT 2.5 1 .25 600 972
NOT 3 1 .25 600 820 .
NOT 3.5 1 .5 600 820
SEC 7%

COMMENTITHREE VOICES F
NOT 1 1 .5 1200 486 .S
NDT 1.08 3 .5 300 473
NOT 1.5 1 .25 1200 615
NOT 1.58 3 .25 300 629
NOT 1.75 1 .25 1200 64
NOT 1.83 2 .25 50C 625
NOT 2 1 .5 1200 729 .S
NOT 2.08 3 .5 300 741
NOT 2.5 1 .25 1200 972
NOT 2.58 3 .25 300 950
NOT 2.75 1 .25 1200 89
NOT 2.83 3 .25 30C 884
NOT 3 1 .25 1200 820 ,
NOT 3.08 3 .25 30C 809
NOT 3.25 1 .25 1200 82
NOT 3.33 3 .25 30C 807
NGT 3.5 1 .5 1200 820
NOT 3.58 3 .5 300 800
NOT 4 1 2 1200 729 2 6
NOT 4.08 3 1.92 300 74
SEC 83 .
COMMENTIPLUCKED SQUND:
NOT 1 4 .5 500 486 .01
NOT 1.75 4 .25 700 648
NOT 2 4 1 600 486 .01
NOT 2 8 1 600 729 .01
NOT 2.5 4 .50 700 1944
NOT § .25 700 1640 .
NOV 3.5 4 .5 700 1640
NOT 4 .8 600 123C .C
TER

NEFUWwUWUN

FOR REEDY AND PLUCKED SOUNDS: ﬂ; 25‘0
20 KC» SIA 0 % 20000¢

P7 83 F2 P30:0SC B3 P6 B3 F1 V1:0UT B3 B1;END:
P7 B3 F3 P30:0SC B3 P6 B3 F1 V2;0UT 83 B1:;END:
P7 B3 F2 P30:;0SC B3 P6 B3 F1 v3:0UT B3 B1:END:
7 P8 P9 P30:0SC B3 P6 B3 F1 P29:0UT B3 B1:END:
CONVTS

10 20 15 ¢ 2 5 3 11;
-7 300 .8 400 .6 5127
«5 5127

3 320 0 512

2 300 0 512:

TYPE:
CE:
FNOT 1.5 1 .25
8 .25:NOT 2 1 .5
«25iNOT 2.75 1 .25 600 890 .25:
25:NOT 3.25 1 .25 600 729:
«SsNOT 4 1 2 600 729 2 6

600.615 .25 4;
600 729 .Si

OR CHDRAL EFFECT:
2:NOT 1.03 2 .5 500 492 .S 3

.5 23

«25 4;NOT 1.53 2 .25 S00 610 .25 5
.25 4;

8 .25:NOT 1.78 2 .25 500 660 .25:
.253

iNOT 2.03 2 .5 500 719 .S;

.53 .

+253NGT 2.53 2 .25 S00 930 .25:
.25:

0 .25;NOT 2.78 2 .25 S00 880 .25:
«25¢

25:NOT 3.93 2 .25 500 830 .25:
.25 4

0 .25:NOT 3.28 2 .25 500 835 .25:
.25:

«5iNOT 3.53 2 .5 500 848 .S;

.53

INOT 4.03 2 1.99 500 722 1.99 7:
3 1.97 63

0 2 INOY 1.5 4 .25 700 515 .01 O 1

.01 01 ¢
0 2:NOT 2 4 1 600 615 .N1 0 1.5:

C 1.5+ :

.01 0 .9iNOT 2.75 4 .50 700 1728 .01 0 .9:
01 0 .5:NOT 3.25 4 .25 700 1458 .01 O .5:
.01 0 1 INOT 4 4 .9 €600 1458 .01 0 1 ¢
1 ¢ 1 iNOT 4 & .9 600 731 .01 O 21 ¢

A-U1
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This run compares different decays.

Instrument #1 is diagrammed here.

fs Pg Pe P
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 generator.)
The first section compares linear and exponential decay.
Linear decay is controlled by function F4:
4

R

o -

A 52
Exponential decay is controlled by function F5:

A
A
s

-3
A
1 512
1st note: 1linear decay, duration 2s
2nd note: exponential decay, curation 2s
3rd note: linear decay, duration 2s
4th note: exponential decay, duration Us

(Linear decay seems to decay slowly then suddenly disappears;

exponential decay is more even and gives a resonance impression.
-
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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_8=1/256. To get an uncut exponential decay, one
should make sure that the amplitude controlling func-
tion 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 noige. (E.g., if maximum
amplitude is 1500, one should have a function decaying
to 27 =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 frequencj content (a "natufal"
situation, since high frequencies decay faster in pianos,
bells...);

6) same as previously, except that components have slightly
different frequencies 443, LU0, L4U1l--to give beats similar
to those due to inharmonicity (or bad tuning) in piano
sounds;

7) all 3 waveshapes at frequency U4U40, with the unnatural situa-
tion of having component with more high frequency energy
decaying slower;

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

441

h-s3
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9) same as 5)
10) same as previously, with exaggerated differences in

component frequencies (448, 4u4l4, 440).

A-L41
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:ﬁ' 300
COMMENTINECAY STUDY ON TAPE M2804:
INS 0 1:0SC PS P9 B3 F4 P30:SET P6:CSC B3 P7 B3 F7 P2S;0UT B3 B1:END:

INS 0 2:0SC PS P9 B3 FS P30:SET P6:0SC B3 P7 83 F6 P293:0UT B3 B1:END:
INS 0 3;0SC PS5 P9 B3 FS5 P30:SET P6:0SC B3 P7 B3 F7 P2%;0UT B3 B1:END:
INS O 4:0SC PS P9 83 FS P30:ISET P6:0SC B3 P7 B3 F8 P29:0UT B3 BLIEND:
GEN 0 1 4 .99 1 0 512

GEN 0 7 S -8:

GEN 0 36 0O 1C 10 10 0 -10 -10 -10 O:

GEN 0 2 7 1 «5 «3 .2 .15 .12°6:

GEN 0 2 81 .2 .05 3¢

COMMENT:TO SET GENERAL CONVTYS

Sv2 0 10 2 7 -9;:

Sv2 0 20 2 7 -9¢ -

Svz2 0 30 2 7 -9;

Sv2 0 40 2 7 -9,

COMMENTITWICE LINEAR THEN EXPONENTIAL DECAY ONE COMPONENT ONLY:
NOT 1 1 2 1700 7 440 0 27 NOT 4 3 2 1700 7 480 O 2:

NOT 7 1 2 1700 7 440 0 2¢NOT 9 3 4 1700 7 440 0 &;

SEC 15

COMMENTCZTRIPLE DECAY:

NOT 1 2 .1 1000 6 440 0 .13
NOT 1 3 1.8 350 7 440 0 1.83
NOT 1 4 3 200 8 440 0 43

SEC 5S¢

NOT 1 2 .1 1000 & 443 0 .1,
NOT 1 3 1.8 35C 7 440 0 1.8:
NOT 1 4 3 200 8 441 O 4

SEC 57

NOT 1 4 .1 1000 8 440 0 .1:
NOT 1 3 1.8 350 7 440 O 1.8:
NOT 1 2 3 200 6 440 0 4,

SEC S

NOT 1 4 .1 1000 8 443 0 .1:
NCT 1 3 1.8 350 7 440 O 1.8
NOT 1 2 3 200 &6 441 O &:

SEC 53

NOT 1 2 .1 1000 & 440 0 .1
NOT 1 3 1.8 350 7 440 O 1.8
NOT 1 4 3 200 8 440 O 4;

SEC S

NOT 1 2 .1 1000 6 448 0 .1
NOT 1 3 1.8 350 7 440 0 1.8:
NOT 1 4 3 200 8 444 O 4

TER S




This run plays this motive #

with a sound reminding of 3 —

,,/" \ R \ \
o e T
L i * - Lol 4

Q

L 5 et
a piano. ; \3
‘§u\- ny ﬁd---*

P ™

For this run, 4 kinds of notes are distinguished and treated
differently:
1)brief and low notes played on instrument #1.

(duration %.28, frequency ¥250Hz)

v Pz Pe
|

The amplitude is g

controlled by F3:
R

.ﬁ w

L § \
o Lk I~ ' @
1% 200 Yoo 512

For a duration smaller than about .2s, this function will give
a sharp attack; the decay consists of 3 linear portions: the 2
first approximate an exponential shape, the 3rd tries to
imitate the effect of a damper.

The wave form is given by F1l, which consists of 10 harmonics.
,,-1: Armplitude Y

| ‘lL
4

an > Harwonic wumbar

With 10Kec sampling rate, all the harmonics will be heard with-
out foldover up to a fundamental frequency of about 400Hz.
2)brief and high notes played on instrument #2. (duration

Q.ZS,frequency §250Hz)

s=l5
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This instrument is similar to instrument #1 except :-hat the
waveshape is given by F2, which consists of only 7 harmonics.

Fa : AMPIEEA-.I

‘lll‘JLl ;Hwon:(\uh\al_r'
4 7

3)long and low notes played on instrument #3. (duration §23,

frequency §250Hz)

This instrument is similar to instrument #1, but her: the
amplitude is controlled by Fi. 4
26

1 Sia

6=1/6M. Thus the duration

—

FU decays exponentially from 1 to 2~
of the note corresponds to 6/1L0 of "reverberation tim:" (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 1ls, which is storter
than that of a real piano (around 1s at 2000Hz, around 10s
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.)

4)long and high notes played cn instrument #4. (durat.on g.Zs,

frequency gZSOHz)

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

is given by F2, as in instrument #3.




COMMENT MANH. SLUES ON TAPE M148S;
COMMENT:BPIEF NOTES:

COMMENTILOW NOTES?

INS C 1:0SC PS5 P7 B3 F3 P30:0SC B3 P6
COMMENT:HIGH NOTES:

INS ©¢ 2;0SC PS5 P7 B3 F3 P30:0SC B3 PG
COMMENT :LONG NOTES:

COMMENTILCW NOTES: .

INS 0 37;0SC 95 P7 B3 F4 P30:0SC 33 PG
COMMENTI:HIGH NCTES: ‘

INS O 4;0SC PS P7 B3 F4 P30:0SC B3 P&
SIA O 4 1C0CO;

COMMENT METRONOME MARKING 150:Sv2 0 2
COMMEAT LD NOTE WAVE '

GEN 0 2 1 .158 .316 1 1 .282 .112 .063

COMMENTCHT NOTE WAVE:

# 201

B3 F1 P29:0UT B3 B1iEND:

B3 F2 P29;0UT 83 B1;END:

83 F1 P29:0UT 83 B1:END:
83 F2 P29:0UT B3 B1l:END:
30:Sv2 0 30 0 150 15 150:

«073 .126 .071 10:

GEN 0 2 2 1 .282 .089 .1 .071 .089 .050 7:

COMMENTISHORT NOTE ENVELCPE:

GEN O L 3 01 .999 10 .4 200 .2 400 O
COMMENTILCNG NCTE ENVELOPES

GEN 0 S 4 -6

NOT 1 3 1.66 3CC 1C4 1:NOT 1 3 1.66 300 17S

5123

-

NOT 1.65 300 233 1:NOT | 4 1.656 300 277
NOT 1.66 3CO0 330 1:

NOT 3 1.16 250 2C7 1:NOT 1.5 4 1l.16 250 349
NOT y

1s
1.16 25C 440 1:NOT 1.5 4 1.16 250 5S4 1:
1
13

13
14
1.5
1.5
NOT 2.66 1 .34 300 104 1:NOT 2.66 1 .34 300 17S
NOT 2.66 1 .34 30C 233 1:NOT 2.66 2 .38 300 2177
NOT 2.66 2 .34 300 330 13
NOT 3 3 1 400 2C7 1:iNOT 3 4 1 400 349 1:
NOT 3 &4 1 400 480 1:NOT 3 4 1 400 554 1}
NOT 4 3 p 250 1C4 1:NOT & 3 2 250 147 13
NOT 4 3 2 250 165 1:NOT 4 3 2 250 196 1+
NOT 4 3 2 250 233 1:
NOT 5 3 1 300 207 1:NOT 5 4 1 300 294% 1.
NOT S 4 1 300 33C 1:NOT S 1 300 392 1:
NOT S 4 1 300 494 1:
NOT 6 3 1.66 300 104 1:NOCT & 3 1.66 300 175 13
NOT 6 3 1.65 300 233 1iNOT 6 & 1.66 300 277 1:
NOT 6 4 1.66 200 330 1
NOT 6.5 3 1.16 250 207 1iNOT 6.5 4 1.16 250 349 1:
NOT 6.5 4 1.16 25C 440 1:NOT 6.5 4 1.16 250 554 1
NOT 7.66 1 .34 300 104 1iNOT 7.66 1 .34 300 175 13
NOT 7.66 1 .34 3CC 233 1:NOT 7.66 2 .34 300 277 1
NOT 7.66 2 .34 300 330 19¢
NOT 8 3 1 400 2C7 1iNOT 8 4 1 400 349 13
NOT 8 4 1 400 440 1
NOT 8 4 1 400 S54 13
NOT 3 3 2 250 104. 1:NOT 9 3 2 250 147 1
NOT 9 2 2 250 1865 1:NOT 9 3 2 250 196 1:
NOT 9 3 2 250 233 13
NCT 1C 2 1 30C 207 1:NCT 10 4 1 300 294 )3
NOT 10 % 1 300 330 1:NOT 10 4 1 300 392 1:
NOT 1C 6 1 300 494 1; TER 15:¢
SUBROUTINE CONVT
COMMON IP(1CG)sP(100)»G(1000)
IFIP(1).NEL1.)GOTO100
FI811./G(4)
P(6)=F+P(6)
PITI=F/P(4)
10C RETLURN
EAD
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This run gives a few percussive sounds reminding of a
drum--with and without snares. The 1st 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 #1 is used to generate these percussive sounds

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

% Pr Va Vy¢ Vi Py Pa PC w‘ Py Pq PG
RAN

) W &)
& =

This instrument gives a sound which is the sum of a

V/ &
¢

frequency band, of a sine wave and of an inharmonic spectrum.
The frequency band is generated by random amplitude

modulation of a sine wave Fl1. The center frequency is given

by V1¥, the half bandwidth by V2¥. The envelope is given by

function F2, which

decays exponentially

from 1 to 2712, a2,

¥ third-pass variables

A-%g
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F4 is a sine wave--it is the 10th harmonic of 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
1 to 278,

The "inharmonic" spectrum is, in fact, an approximation
to an inharmonic spectrum, obtalned by playing a wave con-
taining'only high order 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, U440, 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 Vi#*,

Section 1 gives the following pattern

=150 =3, ¥, = 141y}

i_ ol I S S O | JJ-L;! 4 - .x‘l1
b >

szas

played with a snare-like effect given by a noise band cen-
tered at L4OOOHz and of 3000Hz bandwidth. The sine wave

component has frequency 200Hz.

¥ third-pass variables

A-51
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Section 2 gives the following pattern

=150

~ 3 N
[ - -2 o B - 3 — r - - jl{
i—j_‘
played "without snares": there is no noise band (P5=0).

The four pitches correspond to fundamental frequencies of
120, 140, 150, and 160 Hz.
Section 3 gives the following pattern
a=
_15'0‘__1

~3
' P S —_
E o bt =

M)

}
. ol

L5 L5

Nt
L

played again with snares.




COMMENTORUM AND SNARE DRUM ON TAPE M3586 FILES 2 3 &;
COMMENTITO SKIP FILE I1:GEN O 5 1:
COMMENT 2 SNARE

COMMENT 4 KC CENTER 3 XKC BAND NOISE

COMMENT 220 KC SAMPLING:SIA O 4% 20000:
COMMENTIFOR DRUM;
0 1:0SC PS P7 B3 F2 P30;RAN B3 V2 B3 P29 P28 P27:

INS
osc
osc
osc
GEN
GEN
GEN
GEN
GEN
GEN
Sv3
NOT
NOT
NOY
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
SEC

83 vl B3 F1 P26:;0UT B3 B1;

V3 P7 B4 F2 P2S;SET P8:;0SC B4 P6 B84 F3 P28;0UT B4

V4 P?7 BS5 F8 P23:;SET F9:0SC B85 P6 BS F4 P22:CUY BS Bl

11
-123

1 10 0 1 512; ) :
01 .99 5 0 100 0 5127
-8

00 65 300 800:
«2 1C00 20 0O;
«2 1000 20 0O:
.15 1000 20 0
«2 1000 20 0
<2 1000 20 03
.15 1000 20 0:
«2 1000 20 O:
«2 1000 20 0
«2 1000 20 0;
«15 1000 20 0:
«2 1000 20 C;
.2 1000 20 0
.15 1000 2C 0;
«2 1000 20 O:
«2 1000 2GC O:
.2 1000 20 0O:
-2 1000 2C O;
«2 1000 20 O:
«25 130C 20 0:

COOMNMOOO
L
OPONDEOOUNNOFOWNNMBIER I~ EIN

Bt Pt et et hut P et P et Pt ed e pad b hed P et Pt e P D N B NN

PRUNL EEWANNNNN = -

8:

COMMENT:TC WRITE END OF FILE MARK: GEN C 5 03
COMMENT (DRUMCOMMENT S KC SAMPLING:SIA O 4 S000:
COMMENTIMEMBRANE SPECTRUMSINE WAVESNC NOISE BAND:

Sv3
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
SEC

GEN
GEN
GEN

01 7.5 2.5 500 15007

«% 1 .3 0 12 O;NOT .F 1 .2 0 16 O:
1.07 1 .2 0 12 O:NOT 1.2 1 .2 0 16 0
1.6 1 «3 0 12 Ci;NCT 2.0 1 .25 O 14 0:
2.4 1 .23 0 1S O:
2.6 1 .27 0 15 0:
3.07 1 23 2 15 O:NOT 3.2 1 .23 0 15 O:
3.6 1 .23 0 15 ©:
4,0 1 .23 0 15 03
6
COMMENT:TO WRITE END OF FILE MARK: GEN 0 S 0
COMMENT:SNARE DRUM;COMMENT:20 KC SAMPLING:SIA
072 -12; T
01701 .99 5C 100 0 512:
07 8 -8:
01 100 6% 30C 800:

Sv3
NOT
NOT
NOT
NOT
NOT
NOT

+4 1 .15 1000 20 O0:NOT .6 1 .2 1000 20 O:
.07 1 .2 1000 20 0:

. «2 1000 20 0:

«2 1000 2C O;

«2 10C0 20 0:

<25 1200 20 O:NOT 2.9 1 .15 1000 20

0 4 20000;

# 1,00

200 HZ SINE AND MEMBRANE SPECTRUM:

1100 1 512 1.5 16 0 1 512 2 22 0 1 S12 1.5 23 0 1 512

A-52



NOT
NOT
NOT
NDT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
TER

100

.15 1000

.20 1000
€1 .15 700

.15 800
.15 809
.15 80G
.15 800
.15 80C
.15 800
1 .22 1200

NETEFESEFLETWUWNWW
[

20 0

1
1 .15 1000 2C 0:
1

20 0
20 03

1 .2 700 20 O}

2C 0
20 0
2C 0O:
20 0:
2C 03
20 0;
2C 03

SUBROUTINE CONVT

COMMON IP(10)eP(100)+G(1000)
IF(PE1).NE.1.)0G0T0100

F=S511.7/65(4)
PLE)I=F+P(6)
P(T)=F/P(4)

IF(P(3).EQ.1.26G0T0100

P{6)ZP(6)*G(11)

FETURN
END

4F 400, coGivund
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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 lQ,OOOHz:
hence, for these two sectlons, 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 10,000Hz 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 1is diagrammed below:

Ps pPr VYV VA va P7r P W®s Vi Pr Po l"g
RAN

N
€

This instrument gives a sound which is the sum of a

frequency band ard of an inharmonic spectrum. This sound
decays exponentially.
The freguency band is generated by random amplitude

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

A-54
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by V1, the half-bandwidth by V2.¥ The envelope is controlled

by function F2, which N

decays exponentially

‘.7
from 1 to 27/. 2 .
4 512
The "inharmonic" spectrum is actually harmonic: an

L

approximation to an inharmonic spectrum is obtained by playing
at a very low frequency a wave containing only high order
harmonics. For instance, spectrum 1 is generated by periodic
waves comprising harmonics #10, #16, #22, #23, #25, #29, #32:
at frequency 10 (specified by P6), this will give component
frequencies 100, 160, 220, 230, 250, 290, 320.. Spectrum 1 is
here obtained by the sum of functions F3, comprising harmonics
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,

4
which insures a faster
decay for the higher
-12
components. 2 —% Ty

By means of P7 and P9, functions F3 and F4 can be changed
to other functions. Here, in addition to spectrum 1, which is
an approximation to a membrane spectrum, an approximation to the
spectrum of a struck metallic object has been tried: 1it 1is
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 V1 & V2 correspond to a center

frequency and a bandwidth of 1000 and 800 Hz at 10Kc sampling
rate, hence of 500 & U400 Hz in the sound example, recorded at

Svo
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Instrument #2 1is used to generate inharmonically related

frequency components of bell-like sounds. The waveshape F1l

P
ia a sine wave. Function F7, 5 Pr P
controlling the envelope, sc
F7
decays exponentially from 1
to 277, The lowest component r7rs ‘
frequency is specified in the - 4 -

score by V11 (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: C@NVT multiplies P6 by
Vlil. (E.g., if the components were harmonically related,
the P6 would be 1, 2, 3 ...)

Section 1 includes 3 sounds of actual duration .8, 2,
and 4s played on instrument #1; first with spectrum 1, then
with spectrum 2, with a fundamental frequency of 50Hz.

Section 2 includes 3 sounds of duration 18, 2, and Us
played on instrument #1 with spectrum, with a fundamental
frequency of 150Hz.

Section 3 gives a bell-like sound played with instru-
ment #2. It consists of 7 components of frequencies
proportional to 1, 2, 2.4, 3, 4.5, 5.33, 6 having different
decay times. The lowest component is at frequency 329.

Section U4 gives a bell-like sound played with instru-

ment #2, consisting of only U4 components.

I

N

M



CAMMENT ZPERCUSSION:
COMMENT:TAPE M1172;
CAMMENTY SFOR DRUM:

o K10

INS 0 1:0SC °5 ©7 R3 F2 P30:RAN B3 V2 B3 P29 P23 P27;

OS¢ P2 vl R3 F) P26:01'T B3 R1:

a<C v3 ©7 84 “2 P2S5SFT P8:NSC R4 P6 34 F3 P24,0UT Ry R
0S” v4 P?7 B85 F8 P2I;SFT P9:0NSC 85 P6 BS Fu P22;CUT RS B1:FND:

VI 0 1 SN 40 S00 SO0
CAMMFATIFCOR RFE LTS

INS N 2;0SC ®5 ©7 33 F7 P30:NSC B3 P6 R3 F1 P2°:0UY 83 B1:END:

GEN 0 2 1 1 LA:GFN 0 7 2 -7
CNMMENTIFOR SPECTOUM 17

CEN C 4 3 ) 10 0 1 S1?2 1.5 1f 0 1
GEN M4 4 1 25 71 512 .5 29 01 =
CAMMEANT:FLCR SPFCTRUM 25

GEM 04 5 1 16§ 01 5121 20 0 1 s]
1 38 0 1 %12 1 47 € 1 512¢

GEN 0y &8 25001 51215301 51
1 75 ¢ 1 %12 1 77 M 1 512 1 1C0 O
GEN Q 7 7 -9iRFN 0 7 & -12:
CNMMFNT SDRUM;

COMMENTIFREAQUFNCY 100 HZ AT 10 KC
CAMMENTISPFCTRUML S

NOT 1 1 <4 SCN 10 OINOT 2 1 1 500
MY 7,5 1 2 S5C0 1C O

COMMEMT ISPFCTRUM 23

NAT £ 1 .4 B0ON 30 0O S 6:MNT 7 1 1
NAT a2,€ 1 2 500 10 0 S f:

<FC 1722

COMMENTIFRFAUFNCY 300 HZ SPFCTRUM
NPT 3 1 .4 S0C 30 OZNCY 2 )1 1 €00
NOT .5 1 2 S00 0 03

SFC &3¢

CAMMENTIRFLL LIKF SNUNDS:®
CAMMENTILNWEST FRFEGUENCY 329

NAT 1 2 1.5 300 & O
SFC =
NOT
NNTY )
TER 7

ne 3.36 €3

SURPOQUTTNE CNNVY
COMMON IP(1C)+PL2I00)5(1000)
IF(P(1).NF.1.)GNTN10D
Fzf11.76G(4)
P(R)=Fen(R)
P(7)=F/P(u4)
IF(P(%)FNR.1.)"NTN100
P(RY=P(F)sG(11)

100 RFTUPN
Fan

512 2 22
12 .2 32

21220
2168650
1 5123

SAMPLING

10 0;

50C 1C O

0 1 512 1.5 23 01 S12;
01 S12s

1 512 2 34 n i1 51?7

1 512 1 70 0 1 512

RATE:

S 63

Sv2 € 11 329;:
NOT 1 2 % 200 1 OINQT 1 2 2.8 200 2 OINOT 1 2 2.7 200 2.4 OF
NAT 1 2 2.4 20C 3 OINNT 1} 2 2.2 200 4.5.0:NNT 1 2 2 300 .33 C:

2 4 400 t OINDOT 1 2 3.5 400 > OINOY 1 2 3.2 400 2.5 O:
2 2.9 4
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This run gives some more percussive sounds, with the
instruments and functions described for #410. Here the
sampling rate for playback 1s 10,000Hz, 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 1lst 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 Tth sections give 4 bell-like sounds

played on instrument #2.




CAMMENMT S PFRCUSSINNG ﬁ #11

CNMMENTSFOR DRUM:

INS 0 1:0SC PS ©7 R3 F2 P30IRAN B3 V2 B3 P29 P28 P27;

O<r B2 V1 R3 F) P26:0UT R3 RB1:

1SC VY P7 R4 T2 P253SFT P8iNSC B4 P6 R4 F3 P24:0UT B4 B1:

0<r vu4 P7 BS5 F8 P233SFT P9;NSC BS5 P6 BS5 Fu P22:0UT RS B1:FEND:
SV 0 1 SN 40 500 S00:

CAMMFNTIFCR BFLLSS

INS 0 2:0SC °Ps ©7 83 F7 P30:NSC 83 P6 B3 F1 P295QUT B3 B1:END:
GFN 0 2 1 1 1:GFN 0 7 2 -7:

COAMMENT:FOR SPECTRUM 13

GEN O 4 31 1C 0 2 512 1.5 1€ 0 1 512 2 22 C } %12 1.5 272 0 1 5123

GEN

n

4 4 1 25 01 512 .5 29 0 1 S12-.2 32 0 1 512¢

CNMMENTIFCR SPECTRUM 23

GEN n 4 S 1 15 01 S12 1 20 0 1 S12 1 22 0 1 512 2 34 0 1 51?2
1 38 ¢ ) €12 1 47 0 Y S512;

GEN n 4 & 2 50 01 S12 1 53 01 51216501 512170 01 S12
1 7 f 1 €12 1 77 0 2 512 1 100 O 1 512°¢

GEN 0 7 7 -2iRFN N 7 8 =123

CAMMERTIDRUM;

COMMENTIRRIFF SNUNDS SPECTRUM 17

NPT
NOT
NNT
NOT
NOT
NNT
SFC

cnMwm

MNT
NOY
NNT
NOT
NoT
NOT
SFC

1.
1.

3 N

NN AN MN NN

e & o

v e 0
o N
—

N

? 1 .5 150 5.8 3 3 43
21 .2 150 3.8 03

«4 150 13.9 0°F

21 .3 150 22 0:

1 .3 150 31.1 03

«2 150 49,3 03

-

TIBRIFF SNUNDS SPECTRUM 2;
? 1 .5 150 5.8 2 S 63

R 1 «2 150 9.8 07

1 <4 15C 13.° 0

91 «3 150 2?2 03

€ 1 +3 15¢C 31.1 O3

A 1 «2 150 49,2 03

COMMENTLONGFR SOUNDS SPECTRUM 1:
NPT 1 2 1 150 22 0 3 4;

NAT 2 1 2 500 13.9 07

NOT 4 1 4 PCO 5.8 07

SEC 103

COMMENTILONGFR SOUNDS SPECTRUM 2:

NOY

1

1 1 150 22 0 § &3¢

MAT 2 1 2 S00 13.9 07

NOT 4 1 4 800 S.8 97

SFC 10

CNMMEMT*RFE LS

CAMMENT CFREQUFENCE FALE 1C43Sv2 O 11 1043

NOT
NOT
NDT
NOT
NOT
nNOT
<EC
NnT
NOT
nnT
SEC
MnT
aAY
TER

1

1
S
5
q
3
1n
1
1
1
e
1
1
7.

2 2 400 1. OsNOT 1 2 1.7 400 1.5 OINOT 1 2 1.5 400 2 0:

2 1.3 400 2.7 NINOT 1 2 1.1 400 3.3 O

2 3 200 1 0

2 2.8 200 1.65 € NNT 5 2 2.4 200 2 O3

2 2.7 290 2.10 N3

7 2.1 20C 3.54 0INDY S 2 2 20C 4.97 C:NCT S 2 1.5 200 5.33 0:
2 T 200 ) OINNT )} 2 2.8 200 2 OSNCT } 2 2.7 200 2.4 O

2 2.4 200 T O0; NOT 1 2 2.2 700 4.5 ONOT 1 2 2 300 5.3% 03

? 1.5 300 & C*

2 4 400 y OINNTY 1 2 3.5 4n0 2 O:NOT 1 2 3.2 400 2.5 0O

2 2.9 400 3.36 O




110

SUROPQUTTYNF CANVY

CMMMON TPE1C)P(100)+G(1000)
IF(PLl)NF.1.)6NTN100
F-®11./6(4)

D(R)=F*0(R)

PI7)=F/P(u) -
IF(P(3)1.FN.1.1R0TN"100
PIFIZP(E)I*G(11)

OF TURN

F AN

+* 444 f Mtlnu&‘

A-60



#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.

Ps Py Pe

The waveshape Fl1 is a sine wave.
Function F2 controls the envelope;
F2 is decaying exponentially from 1
to 277, The component frequency is
given by P6¥ its initial amplitude

by PS5 and the duration of the decay

by PU4¥*, duration of the note.

The freguencies of the components are not narmonically 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 components 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
1ife and naturalness than the first one.

The follcwing sound consists of different frequency

*¥ This run has been computed with a sampling rate of 20,000Hz,
tut the sound example presents it played back with a sampling
rate of 5000Hz. Hence actual durations correspond to 4 times
the values indicated in Pl; actual frequencies correspond to
.25 times the values indicated in P5.

A=D1
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components with non-synchronous decay.
Then follow four partly overlapping sounds of the same
type; the beating of close components glves some warmth to

the sound.




20
COMMENTIGCNG LIKE SOUNDSS 4: Lr

COMMENTIRUN 2 ON TAPE M3282 FILE 2:GEN O S5 13

INS 0 1:GSC P& P7 B3 F2 P30:0SC B3 P6 B3 F1 P29:C0LT B3 B1:END:
COMMENT: PLAY AT A SAMPLING RATE OF 4000 HZ:

COMMENTIORIGINAL SAMPLING RATE 2000C HZ: SIA O 4 200007
COMMENTIPLAY AT A SAMPLING RATE OF 5000 HZ:

COMMENT CHENCE DURATIONS MULTIPLIED BY 4+ FREGUENCIES DIVIDED BY 43
GEN 0 2 1 1 1:GEN D2 7 2 -73 i

COMMENTIFCR DEMCNSTRATINN FIRST NCTE WITH SYNCHRONOUS DECAY:

NOT 1 1 2.5 300 960 OINOT 1 1 2.5 250 1110 O:NOT 1 1 2.5 200 1540 0:
NOT 1 1 2.5 3C0 2420 OSNCT 1 1 2.5 10C 1360 OINCT 1 1 2.5 100 2€8C O
NOT 1 1 2.5 100 3250 03

SEC &3 .

NOT 1 1 2.5 300 3960 OINOT 1 1 2.4 250 1110 OINOT 1 1 2.2 200 1540 03
NOT 1 1 .4 30C 2420 OSNOT 1 1 2 1CO 136C CINOT 1 1 1.3 100 2680 0O
NOT 1 1 1 100 3250 0¢

NOT 5 1 2 300 27C OINCT 5 1 1.9 250 123C OINCT & 1 1.7 100 13€0 0:
NOT S 1 1.2 290 1536 O:NOT S'1 .9 100 2048 O:NOT S 1 .7 150 3280 0:
SEC &3

NOT I 1 2.5 150 960 OINOT 1 1 2.4 125 1110 OFNOT 1 1 2.2 150 1S40 0}
NOT 1 1 .8 10C 2420 O:NOY 1 1 2 SC 1360 O:NOT 1 1 1.3 50 2680 QO

NJT 1 1 1 S0 2250 0:

NOY 1.7 1 2.2 200 265 O:NOT 1.7 1 2.1 150 1050 OSNOT 1.7 1 1 250 1430
NOT 1.7 1 1.3 100 1210 ONOT 1.7 1 1.1 100 1260 0¢

NOT 1.7 1 1.9 10C 1540 O/NOT 1.7 1 1.6 100 1830 O:

NOT 1.8 1 2.9 300 970 O/NOT 1.8 1 2.7 250 1230 0:

NOT 1.”R 1 2.6 1CO 1260 O:NOT 1.8 1 1.€E 200 1536 0¢

NJT 1.8 1 1.2 10C 2048 OSNOT 1.8 1 1.1 150 3280 0¢

NOT 3.2 1 3.4 150 96C O+NCT 3.2 1 3.2 125 1110 0:

NJT 3.2 1 3.0 150 1540 O+NOT 3.2 1 2.1 50 2420 0:

NCT 3.2 1 .8 1CC 136C ONCT 3.2 1 1.6 5C 2680 O:

NOT 3.2 1 1.1 S0 3250 0:

TER 83

SUBROQUTTNE CONVT
CoMMON TP(1C)»PL10C)G(1000)
IF(P(1).NEL1.)60T0100
FS11./6(4)
PL6)=F*P(H)
P(7)Y=F/Pu)
100 RETURN
£ND
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This run gives three successive approximations of a bell
sound.

There 1is a separate note card for each frequency component
of the sound; all ccmponents are generated by instrument #1,
diagrammed here. Ps P Ps

The waveshape Fl is a
sine wave. Function F2 controls

the envelope; F2 is decaying
-10

exponentially from 1 to 2
The component frequency 1s given

by P6, its amplitude by PS5, and

the duration of the decay by P7.
(P(7) = P(4)).

The frequencies of the componenﬁs 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 1st 5 components: .5, 1, 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 frequencies




#1430
-2 -

(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 natural, yet still a 1ittle 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.

[oaY

3



COMMENTIBELL EXPERIMENTS?
COMMENTION TAPE M188S FILE 4; GEN 0 S 33
COMMENT:5 KC SAMPLING RATE: SIA O & 5000;

INS 0 150SC PS P7 B3 F2 P30:0SC B3 P6 B3 F1 P23:0UT 83
COMMENTZTO SET GENERAL CONVT:

GEN 0 2 1 1 1¢
COMMENTISYNCHRONOUS DECAY:
NOT 1 1 20 250
1 1 20 400
1 1 20 220
1120 200
1 1 20 200
21:
COMMENTINON SYNCHRONOUS DECAY;

1 1 20 250 224 20:NOT 1 1 12 800 368.5 12:
1 1 6.5 400 476 6.5:NOT 1 1 7 250 680 7:

1 1 5 220 800 SiNOT 1 1 4 200 1096 &;

11 3 200 1200 3iNOT 1 1.2 150 1504 2:

1 1 1.5 200 1628 1.5:

21
COMMENTINON SYNCHRONOUS DECAY AND TWO SPLIT PARTIALS:

NOT
NOT
NOT
NOT
SEC

NOT
NOT
NOT
NOT
NOT
SEC

NOT
NGT
NOT
NOT
NOT
NOT
TER

N bt gt bt s b oo

1

O bt bt d et

20 150
13 150

SVv2 0 10 2 6 -7
GEN 0 7 2 -103

22%.5 20:NOT 1 1-20 400 368.5 20:
476 2C:NOT 1 1 20 250 684 20:

800 20:NOT 1 1 20 200 1096 20:
1200 20:NOT 1 1 20 150 1504 20
1628 20: -

22% 205NOT 1 1 18 100 225 18
368 135NOT 1 1 11 270 369.7 113

6.5 400 876 6.55NOT 1 1 7 250 680 7
S 220 800 SiNOT 1 1 & 200 1096 4°¢

3 200 1200 3NOT 1 1 2 150 1504 2;
1.5 200 1628 1.5

B1: BND?

# 430
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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 Ps' Pe
goes into B5. PFunction F2 controls pitch W
evolution. P6 gives the duration of the _

Bs

frequency cycle (which for all exambles 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 increment value, especially
with computers of 24 bit word length). P5 = 1.

Instrument #3 comprises 3 parallel oscillators with different

envelope controls, as shown by the diagram.
Py Pig P Be Bs

r7 Pr Poa & B85 R Pa Py Ry B Bs b
ENV i
K . 5
By B¢ By Bg
@gsc
F5
By

One of these oscillators generates the fundamental of maximum

frequency 160Hz (F3 is a sine wave.). The amplitude is controlled




#440

by F6. In all examples given '9:

here (except the last note)

the attack time is 10ms or 30ms e

1 >

(note this is not a linear \ag as¢ 33 SN2
attack--otherwise these times would be smaller), the "steady"
state lasts Oms orv30ms and the decay time is about 1.6s.

The two other oscillators play waveshapes FU4 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 P11l = 75, this oscillator will give frequencies
225, 300, 375, 450; similarly F5 comprises harmonics 8, 9, 10, 11,
12, 15, 17, 18, with P16 = 61, which yields frequencies between

500 and 1100.) The amplitude are controlled respectively by
x4 A g 1\

F F ich 1
7 and F8, whic nsure o . -

)

a fast decay for waves

F4 and F5 (in this -8 2-8
J\' :

example, about .6 and J2™* PRV E——— 3;,' o

v

2 '4 g Ase 38 A

.3s to decay to 1/1000 of the initial amplitude for all notes
except the last one).

The 1st 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“ﬁ?““
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|
oy

- —

function F2 as drawn here. -

>

. 256 51
The U4th 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 differing 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 gilve

different types of sound.

[SAY
el



COMMENT IVARTASLE PITC
STA 0 4 s0CO:
COMMENTIFAR PITCH VAR

H DRUMS:

TATIONS

INS 0 2:0SC P& Pf BS F2 P30IEND:

COMMENT IFOQR 3 COMPONE
IMS 0 3;FNV PS FE B2

NTSS
P7 P8 P9.P30:

MLT Ps B85S 86:0SC B2 86 B2 F3 P29:0UT B2 81:

ENV P10 F7 B3 P12 P12

P14 p2e;

MLT P11 895 87:3SC 23 37 83 F4 P27:0UT 83 B1:

FNV P15 Fe Ny P17 P15

P13 PZB:

# 44O

MLT P1R 85 9373%5C 34 33 Ry FS5 P25:0UT B4 B1l:END:

COMMENTITN SET GENERA
sSv2 © 20 1
Sv2
SEM
SEN
SEN 2 1
211 ¢ 1 812 7 10 a1
CAMMENT IFOR ENVELOPES

> 2 B I ]

CEM 0 F F 1C .23 .3 1C

GEM 92 6 7 8 .93 .97 2

. CCNVT:
12 16 117:
Y301
512 3 18

~e
e

4

512 S
015

10 0 1 512
12 2 17 0 1 5121 180

GEN N B R 8 ,92 .33 4C;

COMMEMNT ICONRSTANT PITCH: GEN O 1 2 99 1 .99 S12:

NOT 1 2 1.63 1 1.G630

N3T 1 3 l1.82 1095 160 .210 0 1.6 600 75 .010 O 1.81 300
NCT 2 2 1.7 1 1.7

NOT 3 3 1.65 1027 150 .0320 0 1.6 600 75 010 0 1.65 300
SFC =3

COMMENT IR A (%90 3D .8% 1: GEN 0 1 2 .85 1 .99 S512:
NRT 1 2 1.62 1 1.623

NOT 1 3 1.62 1090 160 .01C O l.6 600 75 .010 0 1.61 300
NOT 2 2 1.7 1 1.7

NOT 3 3 1.8%5 1G00C 15 «230 0 1.6 600 75 010 0 1.65 300
SEC S

CNMMENT :NSCILL PITCH: GEN 0 2 2 1 .9 1.

NOT 1 2 1.63 1 1.623

MIT 1 3 1.62 1C20 150 .010 0 1.6 600 75 .010 0 1.61 300
NOT 3 2 1.7 1 1.7

NOY 3 3 1.565 1000 160 .0392 9 1.6 60C 75 '.010 0 1.65 300
SFC 53

COMMENTINTWN A MINOR 30 GEN O 1 2 .99 1 .85 Sl12¢

NOT 1 2 1.62 1 1.63: ;

NOT 1 3 1.62 103C 160 .9210 92 1.6 600 75 .010 O 1.61 300
NOT 3 2 1.7 1 1.7

NOT 3 3 1.66 137C 1619 .030 0 1.6 600 75 .010 0 1.65 300
SFEC =

CAMMENT NI TF WITH NAN REALISTIC PARAMETERS:

NeT 3 2 21 28

NOT 1 3 2 17209 (AR 010 0 i.95 600 75 92 0 1.9 800 61

TFR 4

.9

61

61

61

61

61

61

61

61

«010 ©

<010 0

.010 0

<010 0

.010 0

«010 O

.010 O

.010 O

A-T0



#490

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 #410)
underwent transposition by speed changing before mixing, the
others did not undergo eiectroacoustic madification (except of
course amplitude control). Some tape splicing was involved to
excerpt single sounds from #200 and #410 and to place each
element at the proper time. A chart of the beginning of the
mixing is given.

As can be heard, the synchronization if not bad; with good
tape recorders, it seems easy most of the time to achieve
satisfactory synchronization up to durations of 30s to 1lmn.

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 aEEi;:

following chord:

together with two brief episodes
played by a simple instrument with
feedback (c.f.,#510), and noted

as follows:




(2)

(3)

#490
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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 waveshape in the course
of the run;

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

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

1 ) 3 )

The remarks mentioned for #512 apply to thils example.
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#500

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
described below. The example is in stereo, with a sampling

rate of 20,000Hz for each channel; it is played backwards,

because it was desired to terminate on the fundamental notes

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

PLF3 is a first pass subroutine, called by the following
data statement:
P(1) P(2) P(3) P(4) P(5) P(6) P(7) P(8)

Action 5

PLF Time 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 cperate
on the U 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+1)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. 1In 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, ID.

g
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alternation between ihstrument 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 fbr 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=0, they have the same duration as the fundamental, as in

6‘ A
the figure: 7
5F 4
The total duration “Fr _—
kY ————————
of the sound is given 2F amm——
CF
in this case by D + N x TS. X | > bive
0 Ts D
If DD=TS, the pattern is as on the figure. In this case
F’Q “en ‘}
the total duration 1 9 ::]
PO =TS
of the note is < >
equal to D. 3 tiwme
Care must be taken to avoid negative durations if DD>0. (DD

can as well be negative, to glve harmonics lasting longer
than the fundamental.)
In example #300, PFL3 is applied to the note of a chord

noted: ’KE }1

b=
=




#500

A different PLF statement is used for each pair of bracketed
notes: 4 harmonics of group 1, 8 harmonics of group 2 and

10 harmonics of group 3 are generated--at different rates,
such that 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 #1 or #2, which
are identical, except Ehat 1 plays into the leftvchannel and

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

F1 is a sine wave. Py Py Pe
This instrument gives

a parabolic attack Fap
and decay, since F2 1is a

A
linear attach and decay ’ 3

as draw here, and P >

v

since the output of the

amplitude controlling

generator is multiplied by itself (which yields the dotted

curve).
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4 500
CNMMENTISPECTRAL ANALYSIS OF A CHORD TOD BE PLAYFD BACKWARDS:
COMMENTITAPE 1084 FILE 2:COMMENTITO SKIP FIRST FILE:GEN 0 5 13
COMMENT G SHARP D GNATURAL E 8 A SHARP USE SPECIAL PLF3:
COMMEANTIPARABCLIC ATTACK AND DECAY SAMFLING RATE 20000:SIA O 4 2C000;
YTNS 0 1:0SC PS P7 83 F2 P35:MLT 83 83 B4:0SC 84 P6 B4 F1 P34:

STR Ry V1 B1liEND:

INS 0 2:0SC PS P7 B3 F2 P3S:MLT 83 B3 B4;0SC B84 P6 B4 F1 P34;

STR V1 By B1liEND: . . )

GEN 0 2 1 1 1°GEN O 3 2 0 2 4 6 8 10 0:

CNMMENT: G SHARP D G NATURAL E B A SHARFIQ

°LF 1 3 2 10 1 0 0sNJT 1 1 2 500 208 2:NQOT 1.01 2 2 S00 294 27

PLF 1 3 2 6 1.25 €C 0NOT 1 1 3.75 SCO 392 3.755NDT 1.01 1 3.75 £0C 65¢
3.7S:

PLF 1 3 2 4 2.5 1:NOT 1 1 7.5 S00 988 7.5:NCT 1 1 7.5 500 1865 7.5;
TER 159
SIBRFOLTTIANE CONVTY
COMMON IP(10),P{100)e5(1000)
IF(FU1)«NE.1.)GCTC100
FI511./G(4) ’
P(S)=S@RT(P(E))
P(o)=F*P{3)
P(T)I=F/P(T)
100 RETURN
£ND
CPLF 3L81 PLF3 FOR L81
GENERATFS HARMONICS WITH ALTERNATING INSTRUMENTS
OPERATES ON NOTE CARDS ©F INSTS 1 AND 2
P(S) AMPLITLDCsP(6) FREGUENCY ON NOTE CARDS
ON PLF CARDs P(4) SPECIFIFS HOW MANY FOLLOWING NOTE CARDS WILL
RE PPERATED CON
P(S) GIVES THE NUMRER OF HARMONICS GENERATED
P(r) SPFCIFIES TIME SFPARATION BETWEEN HARMCNICS
P{7) SPECIFYES THE AMPLIUDE MULTIPLIER FROM ONE HARMINIC TO NEXT
P(8) GIVES THE QURATION DIMINUTICN FRCM CNE HARMCNIC T0 THE NEXT
SUBPJQUTINE PLF3
cCNMMON IP(1C)Y+PELIOC) oD(2000)
NC=P(Y4)
NZP({S)
TSzPI(E)
FACT=P(T7)
on=o(a)
00 1 T=1eNC
CALL READL
CALL WRITE1(1C)
F=P(5)
np 2 Jz1sN
PIGRYZFLIAT(Je1)¢F
D(2)=P(2)+T¢<
C TY CHANGE INSTS NUMBER FRJOM 1 TO 2 AND VICE VERSA
AINST=P(3)-1.
IF(AINST)I3 e300

DTONONNOOOO

hd Pt31=2.
6N10S

u PLI)=-1.

S CONTINUR

TF(FACT.GY.Ca) PUS)IZP(S)*FACT
S(4)z=P(Yy)-DD

2 CALL WRITE1(1C)
1 CONTINUFE
10C  PETLRM

Fre
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#501

This run is similar to #500: the same harmonics from
notes of the same chord have been generated by PLF3 (c.f., #500)
(except that a longer poftion has been removed from the end of
the sound--which again becomes the beginning since the example
is played backwards).

The difference in tone quality is due to the difference
in the envelope of each component: ' instead of a gradual
parabolic attack and decay, each harmonic (for the example

played backwards) has an instantaneous attack and an exponen-

tial decay, controlled by F7.

I

N



FAMMONTICPECTRAL ANALYSIS OF A CHORD TQ BE PLAYED BACKWARDS: - 1‘1:5‘01
COMMENTIG SHAPP 0 SNATURAL E B A SHARP  USE SPECIAL PLF3;
FAVMENTIINSTALTANECUS ATTACK FXPONENTIAL DECAYS

INS 3 1:79C 25 27 33 €2 P35:0SC 83 P6 W F1 P34iSTR B4 V1 B1END:

INS 0 2, PS P7 32 F2 F235:0SC B3 PE 84 F1 P34;STP V1 B4 B1liEND:

FENM N 2 1 1 13588 0 7 2 65

FLF 3 2 2 10 1 1 Cit3T 1 1 2 200 208 2iMCT 1.C1 2 2 200 294 2:

PLE 1 3 2 % 1425 1 04NOT- 1 1 3.75 200 s=2 3.75:NOT 1.01 1 3.75 S00 659
.75 ’

OLF 1 1 2 n 2,5 1 0/NOT 1 1 7.5 200 983 7.5:NGT 1 1 7.5 200 1865 7.5:
TeER 173

SURPJUYTINT COMVT
TOMMON TP(1C)IeP(1C0)((13000)
TF(P (L) eNra1.)/0T72100
FzE11./77(4)
D) =F*D(5)
PLTYZF/P(T)
170 RETYRYN
enn
L1 PLF3 FOR LB1Y
CEMNERATES HARMONICS WITH ALTERNATANG INSTRUMENTS
ACFRATES AN MNOTF CARDS OF INSTS ! AND 2
P(e) AYPLITULDE +P(E) FREGUENCY ON NOTE CARNDS
N OLE TARDe P(4) SPECIFIES HOW MANY FOLLOWING NOTE CARDS WILL
QFE ~PERATLCD OM
P(SY GIVES THE NUMRER OJF HARMONILS GENERATED
P(F) SPFLIFTES TIME SEPARATINON BLTWEEN HARMONICS
2Ty SPUCIFITS THE AMPLIUNE MULTIPLIER FROM ONE HARMONIC TO NEXT
P(RY STVES THE "UPATION GIMINUTICN FRCM CNE HARMONIC TO THE NEXT
SUNPQUTITINF PLFT
crmvan IN(IC)ePE10C)eN(20C)
NC <O (u)
NZP ()
TS (%)
FAC Tz (7))
N3}
oroY Tz100C
cAaLL PEAYL
CALL WRITI1€1C)
Fzo1(5)
nn 3 o gzlet
PUA)IFLCAT(Je]) *F
PID)ZF(2)1+T1S
TN ZHANTE INSTS NUMBER FROM 1 TN 2 AND VICE VERSA
ATNETZIP(3)-1.
TFOAINST)IZ el
? Ptz21:z2.
61T2S
Y P71l
< CoONTINUT
TFIFACT ST %) PUS)IZPIS)=FACT
?(4)z0(8)-NN
hd CALL WRITTIU(1C)
CANT INU~T
170 RETLRT
[

v
Q
-
-
=

IO YO YOOI

o

A-80



#502

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 &« sampling
rate of 40,000Hz, 20,000Hz , and 10,000Hz. (This example,
in stereo, 1s again presented backwards.)

The remarks mentioned in #512 apply here.

A-382



#503

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 alsampling
rate of 40,000Hz, 20,000Hz, and 10,000Hz. (This example,
in stereo, is again presented backwards.)

The remarks mentioned in #512 apply here.

A-82



#510

This run gives a bunch of siren-like glissandi.

Instrument #1
This instrument delivers

a variable frequency sound.

is a sine wave with feedback

(a process suggested by

A. Layzér). The frequency
controlling oscillator has
a cycle of 8s(P7) repeated

3 times.

Instrument #2

This instrument gives a
noise band with variatle
center frequency. The

1/2 bandwidth is given

by P8. The frequency cycle

lasts 6s(P7).

Instrument #3

Bio P¥

Cs

P

The wave
Fs- A
A
A ..L 1"
)’ 4 \\ [I
_ﬁl A\ 11 -3 ¢
v ‘ﬁ*
P Pc Py
J 1 | |
Hsc
RAN e
Ps- P rr

This instrument gives a wave with

variable frequency. The frecuarncy

cycle (P7) lasts 12s. The wave

given by stored function F2 is

truly periodic, but it simulates

the sum of inharmonically related

rartials: the fundamental frequency

52

v

Sl1a

A 4

o



#510

is 20Hz and the wave consists simply of harmonics #21, 29, 39:
thus frequencies N20H£,-580Hz and 780Hz are present.

F2 is a drastically varying function; to minimize noise
due to roundoff errors, I@S 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
FSJP

frequency. A

o

 /

Note: here the rate at which the frequency controlling
functions are scanned 1s 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.

A-84



COMMEATISTIRENE POLR MUTATION:
COMMENTITAPE 1779: ﬂ S-I O
CCMMENTIFEEDBACK GLISSANDO:

INS 0 1:0SC P6 P7 B4 F5 P8iAD2 B1O PS5 811:

¢SC £:11 By B10 F1 P30:iOUY B10 B1:END:

COMMENTINOISE BAND GLISSANDO?

IMS O 2:RAN PS P8 R4 P30 P29 P28

0SC P6 P7 B5 Fe6 P9:0SC 84 B5 85 F1 P27:0UT BS B81:ENO:
COMMENT:IKNHARMCNIC GLISSANDG:

INS O 3:0SC PS5 P7 34 F7 P8:1I0S PS B4 BS F2 P30

OUT RE B1IEND:

COMMENTISINES GLISSANDOS

INS 0 430SC PE P7 By F8 P8:;0SC PS5 B4 BS F1 P3C:O0UT BS BI1:END:

STa 0 4 10000

GEN C 2 1 1 1:

GEN 04 2 121 01512123 015121 3901 512:

GEM 0O 1 5 .999 1 .999 25 .318 231 .318 281 .999 487 .999 512}
GEN 0 1 6 377 1 .999 256 .377 S12:

GEN 0 1 7 .5 1 .5 18 .9 241 .9 271 .5 497 .5 512;

GEN 0 1 8 .333 1 .333 8 .999 248 .999 264 .333 S04 .333 S12;
NOT 1 1 24 45C 8BC 8¢

NOT 1 2 24 400 1560 & 200

0T 1 3 24 20C 20 123

NOT 1 4 24 70 2400 3 0;

NOT 1 4 24 70 240C 3 128:

NOT 1 4 24 70 2400 3 256

NOT 1 4 24 70 240C 3 384:

TER 25:

c SIRENE POUR MUTATION CONVT

SUBROUTINE CONVTY

COMMON IP(IC)sP(10C)»G(1000)

IF(P{1).,NEL.1.,)50T01900

Fz511./G(u)

PLB)ZF*P(3)

PL7)IZF/°(T7)

IF(P(3).53.2.)P({3)=F+P(8)
100 RETLRN

END
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#511
This run gives a bunch of simultaneous glissandi, played at double
speed (20,000Hz sampling rate instead of 10,000Hz).

1st Section

Instrument #1

This instrument delivers a
variable frequency sound.
The wave is a sine wave

with feedback (a process

suggested by A. Layzer). (o
A

The frequency controlling

4
oscillator has a cycle of %

4,55, repeated U4 times. 2 'Gb7>

| S NB: BG wust be ceserved ettt d .
Instrument #2
kR Py
This instrument gives a P;
EL v /
noise band with variable ' \ \
. ¢sc
center frequency. Pg: half bandwidik RAN ¥

Fe 1 Cyde durmtion 5.57s "ii;ll’

-235 @

| 512
Instrument #3
P R B 7
This instrument gives a
Fr
variable frequency A
) SO

triangular wave. éE w
R 3 ~

hd .06

1 i
] Si2 2 g




#511
-2 -

P" PC ?r e ?q
2nd Section
Instrument #U4
¢sc

This instrument gives Fg

a glissando for six

"parallel"” voices,
ADZ2 AD2
such that there is /;7

a constant frequency

difference between the

$sc Bsc
voices (instead of a £ F4
constant frequency ratio, qu

which would give a constant musical intervaly). This was first

done by J. Clough. .75
Here the glissando is 5
relatively narrow. The . .
parameters P6, P8, P9, P10, '5:-—
P11, P12 correspond to an initial P TV S —

chord noted:

ee e
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COMMENTIGLISSANDI FOR LB: 1#: 511
COMMENT:ON TAPE M2804FILE 1:

COMMENTIFEEDBACK ;

INS 0 1; SET P9; 0SC P6 P7 84 FS P30:; MLT P8 85 B7; AD2 PS5 B7 88;
CSC BR B4 B6 F1 P29; OUT B6 B1: END:

COMMENTINOISE 8AND:

INS 0 23

SET P9: 0SC P6 P7 B4 F6 P30; RAN-P5 P8 33 P10 P29 P28;

0SC B3 B4 BS F1 P27; OUT BS B1li END:

COMMENTISIMPLE GLISSANDO:

INS 0 33

SET P9: OSC P6 P7 34 F7 P30: OSC PS B4 B85 F2 P29; QUT 8BS 81; END;
STA 0 4 10000

GEN 0 211 1 GEN O 3 2 0 10 O -10 0

GEM 0 1 5 .999 1 .999 50 .85 462 .85 S12:
GEN 0 1 6 ,999 1 .,999 20 .235 492 .235 512,
GEN ©C 1 7 .999 1 .999 25 .06 487 .06 512°
NOT 1 1 18 300 208 4.5 .7: .

NOT 1 16.5 300 440 5.5 80:

NOT 3,75 2 11 300 880 5.5 150:

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;

COMMENTIMULTIPLE SYNCHRGNOUS GLISSANDI:
INS O 4 0SC P6 P7 B4 FB8 P24; AD2 B4 P8 B8S5: AD2 B4 P9 B6: AD2 84 P10 87
AD2 Ry P11 B8: AD2 B4 P12 B9: OSC P5 B4 B4 F1 P30: OUT B4 B1:
0SC PS BS 85 F1 P237 ouT 85 Bl: 0SC PS Bb6 B F1 P28: OUT B Bl:
0SC PS5 B7 B7 F1 P27:¢ CUT B7 B1l:
0SC PS5 88 88 F1 P267 CUT B8 B1l: OSC PS5 83 B3 F1 P25; OUT B89 B81: END:
GEN 0 1 8 .25 1 .25 3C .05 140 .25 200 .25 210 .50 270 .75 290 .05 512:
NOT 1 4 20 300 10.565 20 4.402 9.420 23.09 39.936 84.836;
TER 22:
CGCONVY CONVT FOR GLISSANDI L B
SUBROUTINE CONVT
COMMON IP(10)sP(100).G6(1000)
IF(P(1).NE.1.)G0T0100
F=512./5(4)
PLTIZF/P(T)
IF(P{3).EC.4.)60T0100
PLBI=F»P(6)
IF(P(3).EQ.2.) P(8)=F=P(8)
100 RETURN
END




#512

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 the 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 1likely 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 1s, of course, subject to welli-known inconveniences: noise

build-up, synchronisation problems (c.f., #490).
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#513
This run presents a little more than one octave of an
"endless glissando", wlhich could be pursued indefinitely since

it is back to 1ts original point after an octave "descent"

(c.f., R. N. Shepard, J.Acoust.Soc.Am.,36,1564,pp.2346-53;

J. C. Risset, J.Acoust.Soc.Am.,46,1969, p. 88 (abstract only)

P Pe v7
The gliding sound = ‘v

comprises 10 components, ( S Pr) @ @ (sm rq)

all generated by

instrument #1, diagrammed
here. w

S

Function F3 contrcls the frequency of the components.

A
It goes down exponentially 1
from 1 to 2719 (10 octaves
-40 .
below). For each component, ? - o ->

the initial sum is specified in P9; the value of these sums

for the different components are respectively: O, %6X511, f%x511,
f%XSll, cees f%XS11. 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

that each component goes down an octave after %%g=125——and the
components stay locked one octave apart. {After one octave
descent, the lowest component becomes the highest one.)

Function F4 contrcls the amplitude of the components. It

is a bell-shaped curve whicn consists of a portion of a sine

O

(]




#513

-2 -
wave with a D.C. bias, . 94449
if the ordinate scale is
in db. (See description 4
-6l.10 - o
of GEN7). For each component, A sa -

the initial sum 1is specified in P8: the value of these sums
are the same as those specified in P9, and the duration of the
amplitude cycle 1is theAsame 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 F1 is a sine wave.

I@S has been used instead of @SC 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 modulations, round off errors with @SC

1
|
O
o
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(e.f., M. V. Mathews, The Technology of Computer Music, )

MIT Press, 1969, p.134) 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 continuéusly descending glissandos, one could
compute an entire descent of many octaves; it is more
economical to compute one cycle (i.el, one octave) and use
the computer to copy these samples suécessively 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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# 513

COMMFRNTIENDLE SS GLISSANDI WITH 3 10S3
COMMENT S TAPE *M1913;

COMMENTCYCLE DURATION 12 S 1C COMPONENTS:
INS 0 1:I0S PS P7 83 F2 P8:TIQOS PGS P7 84 F3 09;
I0S P32 ARy B85 F£1 P2570UT RS B1:FND?

COMMENT T SEY GENERAL CONVT; SV2 0 10 2 & -7
STA 0 4 190COC;

SEN N0 2 1 1 1:GEN 0 7 2 CIGEN.O 7 3 -10:
NOT 1 1 14 85C ISCO 120.00 O O

NOT 1 1 14 850 3300 120.00 Si.1 Sl.l:
NOT 1 1 14 257 32C0 120.00 102.2 10Z.2:
NOT 1 1 14 850 390C 120.09 153.3 153.3;
MOT 1 1 T4 PS5C 79CC 120.CC 204.4 204,45
MOT 1 1 14 850 3300 120.00 25S5.5 255.5:
NOT 1 1 14 #25C 3ACC 120.00 30€.5 306.6:
NOT 1 1 14 850 3900 120.00 357.7 357.7:
NOT 1 1 34 857 2AC0 120.0C 40B.R 40E€.8:
NAT 1 1 1% 850 2903 120.01 453.9 4593.9:;
TER 1635




#514

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
approximately invariant as in #513), so that the sound goes
down 3 octaves while becoming shriller--and that it ends up
much higher than it started.

The basic instrument is similar to that used in #513,
except that here an
instrument comprises
five such units, each of
which gives one frequency
component; so only two
note cards are required to

get the 10 components of

the sound. Functions F1, 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 Aown, 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 1increment
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 transliated towards the highest
frequencies and then it would jump to the lowest frequencies

and resume its translation upwards.
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CAMMENT :TONALITY GSIOES NOWN  TOME HEIGHT GOES UP: ﬂ 51 L'_
COMMENT IDURATTION 18 & FFREQUENCY CYCLE 6 Si
CNMMENT I TAPF M2334 FILS SIGEM 2 S 4
INS O 17
JSC PS P7 32 F2 P10:NSC Po °8 B3 F£3 P11:10S 82 83 82 F1 P30:0UT B2 Bi:
0SC PS5 P7 By F2 P1231n<C P P8 8BS F3 P12:i10S Ry BS B4 F1 P29:0LT B4 B1i:
aSC °5 P7 B86 £2 P1y4:75C P ©8 37 F3 P15:I0S 86 87 B6 F1 P28;0UT B6 B1l:
DSC o€ ©7 vg €2 P1e:;3SC Fo PR 59 F2Z P17:;10S B8 B9 B8 F1 P27:0LT B8 B1:
0SC PS P7 810 F2 P18:03SC P6 P3 Bl1 F3 P13:I0S 810 811 B10 F1 P26
OUT P15 813CND;
SIA C 4 17000:
GEM 0 2 1 1 1:CEM O 7 2 0iGFN C 7 3 =10
COMMENT IFREGUENCY CYCLE & S AMPL ITUDE. CYCLE 3 S¢
NOT 1 1 1F 500 4GCC 2C 60 0 0 C S1e1 S1.1 102.2 102.2 153.3 153.3
204.4 204.4: )
NOT 1 1 1R S0C 40CT 30 6C O 25¢.
408.3 409,92 455,49 433,23
TFP 203
o CONVT ©PAyR CIONFLIT CHROMA HAUTEUR BRUTE
SLR2IJUTTINE CIONVY
cOMMSM IP(10)e2(10C)45(1000)
IF(P(1).REL1.)50T0100
F-S11.7%(4)
FLFIZF 2P (5)
P(T)z=F/O9(7)
PIR)YZF/P(3)
100 Qe TyRN
FaR

(&)

255.5 3C6.6 306.6 357.7 357.7
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#515
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 frequency octave

components whose spectral envelope is translated as in #514.
Instrument #1 is used for each of the 8 componerits of

the sounds. It is

diagrammed here. The

component frequency (S“"‘ Fe)

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, O, éXSll, %XSll, e %OXSll.
Each sound lasts 5s, which corresponds to less than an entire
amplitude cycle.

In the 1lst 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 curve with 42db difference between peak and end points
ordinates (for this section and the two which follow, c.f.,

description of GEN8).
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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 Uth section, function F2 is a triple peak bell-

shaped curve.

Note: effects simllar to those obtained here can probably
be obtained more economically, if not as convenlently and
precisely, through the use of FLT. This remark also applies

to #516.
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#5115
COMMERTISOFCTRAL ENVELIPE TRANSLATLION FAIR OCTAVE COMPONENTS:
CAMMENTIFTXED FELGUENTTF <)
CAMMEMT ITAOF 1555 FTLY 233EN 0 5
TNS © 1:0nSC Pf €7 P2 F2 P2 0sSC R2
YA D 4 1000N;
FAMMERT ST <C T SONERAL CONVTS sSv2 ¢ 10 1 63
GEM 0 2 1 1 f ) .
COMMERNTZAMELTTLRL FeNCTICN CNE PEAK 84 DB AMBITLSIGEN O 7 2 0:

1:
P6 E3 F1 P2SiCLT B3 B1iEND:

NAT 1 ! § 8A0 20U LT0T716 1283
moT 1 1 S BTN CL LI0T16 1928
NAT 1 1 S 570 120 L03716 2550
avnT 1 ] & 860 240 JGCT1E 3270
MAT 11 % SN 40 L0716 3843
AT 1 1 € u0n o ofl JCOAT71IR W47
MAT 1 1 S 500 1:2) .2071% O3
wnT 1 1 £ 570 oal JO0T1E [
cEr T8

FAMMEL T oS S0 A AMETTUS W42 D205kt C € ¢ U
MOT 1 L 5 S97° 73 LC0715 1288
AT 1 ) ¢ 0D 00 JL0736 1923
MAT 1 1 5 200 1LS LGNT16 2550
MOT 1 1 S T 2Rl JOCT71R 3203
AT 11 S 37 %10 L00715 3343
MOT 1 1 € 50T TR0 JCETI0 UM
MOT 1 1 & 577 1327 W0NT7LT H
MaT 1 F SC¢ Toal JC0718 gl
cEC T8

roMuee T 0Ty 42 CRIGEN 0 28 2 1%
MaT 1 LS 28
MoT 11 T 32
NOT 1SS 125 27716 25A/3%
NOT 1 1 F SN0 2aD LNLTIR 3270
NAT 1 1 5 572 4370 J3OT1R g4
»aT 11 & 00 alu LCO71F 447,
NAT 11 65 577 1323 408715 04
NCT 31 % AT 75 «O0T1E ol
SEn 7

COAMMFLTSTRRED CTAKRT AMITTUS 42 GoesltN C ¥ .2 =134
NOT 1 1 % 533 23 J20T71R 1283
MeT 1 1 8 AT Ll W L0710 132
MOT 1 1 5 5370 120 L007T16 235,
naT Y ) € Tot pul JOGTI1E 2
MAT 1 1 S5 500 40 J00716 3845
MoT 1} B 500 elu J0CT71F 4473
MOT 11 & 8An 1 r2) L C07LS 08
MGT 1 1 f R0 Tral JCUT71%E ol

TER 73




#516

This run presents sounds of variable spectrum; the

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

the spectral envelope of fixed frequency components.

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

10 frequency components are used instead of 8, and here they

are not in octave relation.

In the first 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 controiling functions of

this run, c¢.f., descriptior. of 2ENS).

(2) 1In section 2, F2 is a double peak beli-shaped curve.

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

In the last 3 sections the freguency components are not

harmonically related.:

(4) 1In section 4, F2 is
(5) 1In section 5, F2 is
(6) In section 6, F2 is

See note at the end

as

as

as

of

irn section 1.
in section 2.
in section 3.

#515.



COMMENTZVARTIARF
COMMFNTIFIRST
COMMENT I TAPF

INS 0 1:0%C = P7?

STA 0 ¢

COMMERTIT
0211 18

GEM

#5146

cPECTRUY SPUNDS THROUGH SFECTRAL ENVELOPE TRANSLATICNG
HAaFuenTC THENM  INHARMONIC FREGULENCIESS
“1u9g;

2T F2 FPRIDSC B3 Pb 32 F1 P25:CUT 83 BliEND:

12006

1

SENERAL CONYTS

COMMENT IHARNMS  TL F

COMMENT
NOT
NOT
NaT
NOT
MnY
NOT
NOT
NOT
N7
NOT
SFC
coMMm
NOT
NaT
NOT
NOT
(Ush
NOT
NOT
NOT
NOT

—

I e

H
N

— b st b4 ke bd bt et b ps e

P4
Q
-
r- et bt bt b T ITY bt bt s bt hs ot ps bt bt TET) ) e bt b et ps b et bt et bt (T] (S] bt bt b bt gt bt s bt bt b (T} S b bt b bt s bt et bt e

- b re e -

<v2 0 1C 1 6;:

FEGLEMNCIESS

AUPL ITUCE $UNCTINN ONE PEAK 42 D3 AMBITUSIGEN O 8 2 O
T 500 00,02 Q3 .
2 300 4)Q <02 Slal
7560 D0C 0 W02 182.20

7 560 300 L0272 152,20
TSGR 1LOC W0T 204,40

3 SN0 1200 .02 28%.50

Z S0 140C N2 3CF.EG

3 590 1760 .02 S7.78
TG0 1LGC WN2 408,90

3 500 2020 .02 499.3)0

TAT PTAXSIGEN O ° 2 1

T SNG 2l LC2 O

I 500 4n¢C «02 vl.ls

72 500 (Ul W07 102420

X 500 300 «C2 153.34

2 st 1CCC 02 20U,

T SNC 1282 437 255.5:

T 500 14006 L2 ICHaR

7 0500 1520 402 I57.7;
IOANC 1ECC L2 4R, 9

3 507 2002 402 482,13,
THRFE PCAKSG5EZN O 3 2 -1
T 500 200 .02 @4

3 500 490 .02 S1.is

T 500 €80 W02 102.20

3 500 2797 .02 183,

T 530 100C .02 2ru.n;

7 500 1200 L0 285,30

T €00 14CC .CC 2CB.70
350N 1560 JN? I37.7:

7 5N0 1507 J07 u(sR.°f8

T OS30 2N0% L0 453,95
THAARMIOINTC FRITSUENCIESS
AMPLTTULCE TUNCTTSN CNE PEAn 42 DB AMBITLSIGEN O 8 2 0O
I 500 57 L0232 2658450

I END 27,02 489,28

I EAT 316 7,02 305030

3 600 V52 W02 208,.4;

T SN0 7NN .02 122028
2500 €30 .07 0

350N 1086 02 193,708

72 560 LU0 W72 2E7.70

T 500 5750 S0 603, 38 .
T

?

:

2
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L I e S S

330

140C
2500
270C

PEAKSIGEN C 8 2

<02 .93
.02 183,70
«02 257.7:
G2 ucg, 2]

40 .02 255.5:

[ I N N o]

WL U= (N

W=D~ MW
=~

~
DO O
DO

« 02 452,91
«02 306.3:
.C2 20b.43
<02 102,23
.C2 03

<07 153.731
<02 3%7.7:
«N? ung . g;
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#517

This example presents a fragment obtained by mixing frog
runs #510, 511, 513 to 516 ( and a couple of other similar runs).

The original sounds underwent only transposition§ by speed
changing before mixing (except for the sound analagous to the
one presented in #514, which was aftificially 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.




#550

This run presents an attempt to prolong harmony into
timbre: a chord, pPlayed with a timbre generated in a way
similar to ring modulation,is echoed by a gong-type sound
whose components are the fundamentals of the chord. The

latter sound is perceived as a whole rather than as a chord,

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

The passage is as follows:

L3 a— T —
: =] .e ; L-é‘m\ —
“ |%§ t t |< *
} > -Clmc_ m S
T u -
§.6 4 b (5

Instrument #1 is used to generate the notes of the chord, in

P,
a way similar to a ring s P 1° Py b6 Py
&NV
modulator combining the  Fa

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 R

maximum amplitude will be

of the order of P5 x P7, Fa

The dominant frequency of a _-If_\\

note played with this \ ;

instrument is the difference between P8 and P6. Function F3

controls the envelope of the sine wave component, hence the




#550
-2 -

envelope of the‘note; this modulation at the same time 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 #1 of ‘#420: there 1s 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
earlfér, the frequencies of the components are equal to the

frequencies of the notes of the preceding chord.




# 550

=~ COMMENTIOROLIAMAATION OF HARMONY INTO TIMBRE:
INS 0 1:FNMV 2SS FZ 87 3 P10 P11 P30:0SC 33 P6 33 F1 P29
ase PY PR 34 T2 P2e;MLT BT By BIICUT B3 Bl:IENDS
INS C 2:0SC °5 27 833 F4 P30:0SC 83 P& R3 F1 P29:0UT 33 B1l;END:
CAMMEANT TN SFT T“ENERAL CNONVTS
-~ SV2 r 1n 3 5 2 179

€v2 0 20 2 F =73

GEN F 2 1 1 13

GEM N 2 2 0 10 10 10 19 10 ¢ -10 -1C -1C -1C -10 O

fEN 06 3 117 .93 ,29 103

cEN D 7 4 07

AT .8 1 LF 1% 424 18 1009 .01 O .63

M0T .2 1 .65 12 727 1R 1000 ,01 C .67

MAT .9 1 3.6 13 424 1% 1000 2.3 0 1.2
MaT .S 1 .F6 12 1542 18 2000 .C1 O .67
MAT 11 7.5 1° 727 13 10090 3.2 7 1.7
T 1.1 1 .€ 1f 117F 18 2000 .C1 O .67
MAT 1.7 1 3.2 1° 1542 18 2000 1.3 0 1.7:
MOT 1.4 1 .F 1F 1342 18 20200 .01 0 .67

NAT 1.5 1 3 12 113€ 18 2900 1.9 0 1.2

MOT 1.% 1 2.7 19 1202 18 2000 1.4 0 1.2
CNMMCMT I TIMRRC ECHN T PREVIOUS HARMONY

NRT 0 2 17 407 273 I10INTT 4 2 7.5 2C0 45% 7.5:¢
MAT 4 2 4,5 200 575 4,5 :MN0T7 4 2 6.5 150 548 K6.5:
MpY o 2 4 170 fgy H

Tee 1%
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