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PREFACE 

On October 23, 1982, t h e  Music Acoust ics  Committee of t h e  Royal Swe- 

d i s h  Academy o f  Music arranged t h e  e i g h t h  f u l l  day p u b l i c  seminar  which 
was d e v o t e d  t o  v a r i o u s  a s p e c t s  o f  a n a l y i s  o f  m u s i c a l  p e r f o r m a n c e .  Two 
fo re ign  speakers ,  Manfred Clynes from t h e  New South Wales Conservatorium 
of Music, Sydney, Aus t r a l i a ,  and Chris topher  Longuet-Higgins, Un ive r s i t y  
of S u s s e x ,  England.  Also ,  p r o f e s s o r  Ingmar  B e n g t s s o n  and  d o c e n t  A l f  

Gabrielsson of  t h e  Uppsala Univers i ty  and myself r e p o r t e d  on our  works i n  
t h i s  a r e a .  W r i t t e n  v e r s i o n s  o f  t h e s e  p a p e r s  a r e  now p u b l i s h e d  i n  t h e  
p re sen t  volume. A s  w i th  prev ious  i s s u e s  i n  t h i s  s e r i e s  o f  books publ i shed  
by t h e  Academy on va r ious  t o p i c s  i n  t h e  f i e l d  o f  music a c o u s t i c s  w e  are 
f o r t u n a t e  enough t o  o f f e r  sound i l l u s t r a t i o n s  on t h e  grammophone r e c o r d s  
e n c l o s e d ,  which s t i l l  r e m a i n s  a r e m a r k a b l y  r a r e  a r r a n g e m e n t  i n  books  
dea l ing  w i t h  sound. 

The d i f f e r e n t  a r t i c l e s  i n  t h i s  book a t t a c k  q u e s t i o n s  r a i s e d  by music 
p e r f o r m a n c e  i n  d i f f e r e n t  ways. Longuet -Higgins  u s e s  a t h e o r e t i c a l l y  
o r i e n t e d  app roach .  Beng t s son  and G a b r i e l s s o n  f o c u s  on  m e a s u r e m e n t s  o f  
tone  d u r a t i o n s  i n  music performance. F r y d b  and myself app ly  t h e  method 
o f  a n a l y s i s  by r u l e  s y n t h e s i s .  C lynes  h a s  a s p e c i a l  background  i n  h i s  
l lsenticsll ,  which can be regarded a s  a s o r t  of  s c i ence  of human emot iona l  
g e s t u r e s .  The d i f f e r e n t  a r t i c l e s  c a n  be  s a i d  t o  r e f l e c t  t h e  f a c t  t h a t  
music performance r e sea rch  r e p r e s e n t s  a r a t h e r  new r e s e a r c h  f i e l d .  For 
i n s t a n c e ,  t h e  r e a d e r  w i l l  f i n d  i n d i c a t i o n s  o f  t h e  n e e d  f o r  a f u r t h e r  
exchange and development o f  thoughts  and exper iences  w i t h i n  t h i s  f i e l d  
and even  be tween  t h e  a u t h o r s .  It i s  p e r t i n e n t  t o  r e c a l l ,  howeve r ,  t h a t  
t h e  word l l seminarn  i s  d e r i v e d  f rom a L a t i n  word f o r  sowing .  I am con-  
vinced t h a t  t h e  p re sen t  volume w i l l  e f f i c i e n t l y  f u l f i l 1  i ts purpose t o  
sow thoughts  and i d e a s  o f  music performance, some o f  which w i l l  c e r t a i n l y  
be f u r t h e r  developed i n  t h e  fu tu re .  

The r e s p o n s i b i l i t y  f o r  producing t h e  grammophone r e c o r d s  was assumed 
by B e r t i l  Alving. Mervi Moisander-Webster typed t h e  manuscr ip t s .  

KTH, Ju ly  1983 

Johan Sundberg 
Ed i to r  

Chairman o f  t h e  Music Acoust ics  Committee 





The Rhythmic I n t e r p r e t a t i o n  o f  Monophonic Music 

H.C. Longuet-Higgins & C.S. Lee 

Labora to ry  o f  Exper imenta l  Psychology,  U n i v e r s i t y  o f  Sussex 

When a l i s t e n e r  h e a r s  a  t u n e  s l a y e d  o r  sung  w i t h o u t  accompaniment,  h e  
does  n o t  mere ly  p e r c e i v e  t h e  r313Llve p i t c h e s  and d u r a t i o n s  o f  t h e  n o t e s ;  

he becomes aware ,  t o  a  g r e , i t o r  r:lr- Lesser e x t e n t ,  o f  t h e  t o n a l  and r h y t h -  
mic r e l a t i o n s  between them - f o r  example ,  whethdr  t h e  t u n e  is i n  a major 
o r  m i n o r  k e y , a n d  w h e t h e r  i t s  r h y t h m  i s  t h a t  o f  a m a r c h  o r  a m i n u e t .  Ir. 
a s s i g n i n g  a r h y t h m i c  i n t e r p r e t a t i o n  t o  a p a r % i z u l a r  p a s s a g e ,  t h e  l i s t e n e r  
w i l l  g e n e r a l l y  be  i n f l u e n c e d  by c l u e s  o f  many d i f f e r e n t  k inds .  The notes.  
o f  t h e  passage  may be d i f f e r e n t e l y  a c c e n t e d ;  some j ~ f  them may be p layed  
s t a c c a t o  and o t h e r s  l e g a t o ;  r h y t n m i c  c l u e s  may be s u p p l i e d  by t h e  t o n a l  

r e l a t i o n s  between t h e  n o t e s ;  and i n  v o c a l  mdsic  t h e  words t h e m s e l v e s  may 
e x e r t  a  d o m i n a n t  e f f e c t .  But  t h e r e  i s  o n e  s o u r c e  o f  e v i d e n c e  t h a t  i s  
a l w a y s  a v a i l a b l e ,  e v e n  when t h e r e  a r e  no  w o r d s ,  when t h e  n o t e s  a r e  o f  
i n d e f i n i t e  p i t c h ,  and when t h e  pe r fo rmance  i s  devoia  of  a c c e n t ,  p h r a s i n g  
o r  ruba to :  even i n  such impoverished c o n d i t i o n s  t h e  l i s t e n e r  may s t i l l  

a r r i v e  a t  a r h y t h m i c  i n t e r p r e t a t i ~ n  o f  t h e  passage ,  based s o l e l y  on t h e  

r e l a t i v e  d u r a t i o n s  o f  t h e  n o t e s .  I t  was, we b e l i e v e ,  S i m o n  ( 1 9 6 8 )  who 
f i r s t  r e c o g n i s e d  t h e  n e e d  f o r  a n  a c c o u r i t  o f  how l. ~ s t e n e r s  p e r f o r m  t h i s  
l o w l y  p e r c e p t u a l  t a s k ,  and s i n c e  t h a t  t i me Longtaet-Ei g g i n s  and Steedman 
(19711,  L o n g u e t - H i g g i n s  ( 1 9 7 6 1 ,  S t e e d m a n  (Ig'i':), a n d  L o n g u e t - H i g g i n s  6 

Lee (1982) have sugges ted  p a r t i a l  s o l u t i o n s  o f  t h e  problem. I n  t h i s  paper  
we t a k e  a  s t e p  back and c o n s i d e r  t h e  c r i t e r i a  which migh t  l e a d  a  l l s t e n e r  
t o  f a v o u r  a p a r t i c u l a r  r h y t h m i c  i n t e r p r e t a t i o n  o f  a g i v e n  sequenc7e  o f  
no tes .  



The p a p e r  f a l l s  r o u g h l y  i n t o  t h r e e  p a r t s .  I n  S e c t i o n s  2  a n d  3 w e  
deve lop  a  g e n e r a t i v e  t h e o r y  o f  m u s i c a l  rhythms i n  t h e  same s p i r i t  as t h e  
work o f  Lindblom and Sundberg (1972) ,  b ~ t  f o c u s s i n g  p a r t i c u l a r l y  on t h e  
rhy thms  o f  i n d i v i d u a l  b a r s ,  and t h e i r  r e l a t i o n  t o  t h e  u n d e r l y i n g  metre .  
We pay s p e c i a l  a t t e n t i o n  t o  t h e  c o n c e p t  o f  s y n c o p a t i o n ,  and i n  S e c t i o n  4 
- t h e  m i d d l e  p a r t  o f  t h e  paper  - we s u g g e s t  t h a t  i n  a s s i g n i n g  a r h y t h m i c  
i n t e r p r e t a t i o n  t o  a  sequence o f  n o t e s  t h e  l i a t e i 2 e r  t e n d s  t o  a v o i d  i n t e r -  
p r e t a t i o n s  which demand e i t h e r  s y n c o p a t i o n s  w i t h i n  b a r s  o r  s y n c o p a t i o n s  
a c r o s s  b a r  l i n e s .  S e c t i o n  5 s k e t c h e s  some h y p o t h e s e s  a b o u t  t h e  p e r c e p t i o n  
o f  h i g h e r - l e v e l  r h y t h m i c  s t r u c t u r e ,  and i n  S e c t i o n  6 - t h e  l a s t  main  p a r t  
o f  t h e  p a p e r  - w e  c o n s i d e r  t h e  r o l e  o f  t h e  p e r f o r m e r  i n  c l a r i f y i n g  f o r  

t h e  l i s t e n e r  what migh t  o t h e r w i s e  be r h y t h m i c a l l y  ambiguous  s e q u e n c e s ;  i i i  

t h i s  s e c t i o n  w e  p a y  s p e c i a l  a t t e n t i o n  t o  t h e  g r o u p i n g  o f  n o t e s  i n t o  
p h r a s e s  by t h e  d e v i c e  o f  s l u r r i n g  t o g e t h e r  ad jacen t .  n o t e s .  

Our d a t a  and p r e d i c t i o n s ,  l i k e  t n o s e  o f  Lindblom and Sundberg (1972),  
r e f e r  i n  t h e  f i r s t  i n s t a n c e  t o  w r i t t e n  n u s i c ,  j u s t  a s  t h e  d a t a  a n d  
p r e d i c t i o n s  o f  t h e  t h e o r e t i c a l  l i n g u i s t  u s u a l l y  r e f e r  i n  t h e  f i r s t  i n -  
s t a n c e  t o  p r i n t e d  t e x t .  The r e a d e r  may f e e l  t h a t  t h i s  r e s t r i c t i o n  evades  
a number o f  i m p o r t a n t  i s s u e s  connected w i t h  t h e  l i v e  pe r fo rmance  o f  r e a l  
mus ic ,  b u t  t h e  e x p r e s s i v e  q u a l i t i e s  o f  l i v e  p e r f o r m a n c e s  v a r y  s o  w i d e l y  
t h a t  w e  h a v e  f e l t  i t  e s s e n t i a l  t o  r e s t r i c t  t h e  d i s c u s s i o n  i n  s o m e  way,  
and we have done t h i s  by c o n c e n t r a t i n g  on those  d i r e c t i o n s  a b o u t  a  per-  
formance which a composer c u s t o m a r i l y  i n d i c a t e s  i n  a m u s i c a l  s c o r e ,  such 
a s  w h e t h e r  a  p a r t i c u l a r  n o t e  i s  t o  b e  p l a y e d  s t a c c a t o  o r  l e g a t o .  Our 
a p p e a l  is  t h e r e f o r e  n o t  t o  t h e  a u d i t o r y  s e n s i b i l i t i e s  o f  t h e  r e a d e r  b u t  
t o  t h a t  p a r t  o f  h i s  m u s i c a l  L n t u i  t i o n  w h i c h  i s  e n g a g e d  when h e  r e a d s  a  
m u s i c a l  s c o r e  w h i c h  i n d i c a t e s  t h e  v a l u e s  cf t h e  n o t e s  a n d  t h e  way i n  
w h i c h  t h e y  a r e  m e a n t  t o  be  p h r a s e d ;  i n  a s e n s e  we a p p e a l  t o  h i m  as a 

p o t e n t i a l  p e r f o r m e r ,  who h a s  t o  d e c i d e  how the miksical l i s t e n e r  is l i ~ e l y  

t o  i n t e r p r e t  t h e  m u s i s  i f  i t  i s  p e r f o r a e d  a c c o r d i n g  t o  t h e  c o m p o s e r ' s  
d i r e c t i o n s .  

We s t a r t ,  t h e n ,  by c o n s i d e r i n g  unadorned sequences  o f  n o t e  v a l u e s ,  and 
how a  l i s t e n e r  migh t  a s s i g n  them r h y t h m i c  i n t e r p r e t a t i o n s .  The f o l l o w i n g  
examples  may conv ince  t h e  r e a d e r  t h a t  t h e  problem i s  more s u b t l e  than  i t  
migh t  seem: 



(a) An i s o c h r o n o u s  s e q u e n c e  of n o t e s  s u c h  as  t h e  c h i m e s  o f  a  c l o c k  
has  no obvious rhythmic s t r u c t u r e ,  i n  t h a t  t h e  no t e s  might  be f e l t  t o  
be grouped i n  twos  o r  i n  t h r e e s ,  wi th  o r  wi thout  "upbeats": 

But, a t  least i f  heard i n  i s o l a t i o n ,  t h e  sequence is most u n l i k e l y  t o  
r e c e i v e  any o f  t h e  fo l l owing  ( t h e o r e t i c a l l y  pos s ib l e )  rhy thmic  i n t e r -  
p r e t a t i o n s  : P1.v JJ7  1 * * *  - 

u d -  

(b) If t h e  r e l a t i v e  va lues  of  t h e  no t e s  a r e  a s  shown i n  (4) 

then t h e  sequence has  t h e  obvious rhythmic i n t e r p r e t a t i o n  (5), r a t h e r  
t h a n ,  s a y ,  ( 6 )  o r  ( 7 ) :  

( c )  I f ,  on t h e  o t h e r  hand ,  t h e  r e l a t i v e  n o t e  v a l u e s  a re  a s  shown i n  
(8), then  t h e  obvious i n t e r p r e t a t i o n  is (9) r a t h e r  than ,  say ,  (10) o r  
(11 ) :  



These p a r t i c u l a r  f a c t s  (assuming t h e  r eade r  t o  a c c e p t  them a s  such )  a r e ,  
of course,  u n i n t e r e s t i n g  i n  themselves;  what is o f  i n t e r e s t  is whether 
they  exemplify any g e n e r a l i s a t i o n  a b o u t  t h e  p e r c e p t u a l  p r o p e n s i t i e s  o f  
m u s i c i a n s .  We s u g g e s t  t h a t  t h e y  do ,  and i n  t h e  f o l l o w i n g  p a r a g r a p h s  we 
a t t e m p t  t o  fo rmula t e  such a g e n e r a l i s a t i o n  as p r e c i s e l y  as p o s s i b l e ,  and 
t o  show t h a t  i t s  i m p l i c a t i o n s  accord w i t h  common m u s i c a l  i n t u i t i o n .  

2. The Theory of  Me t r i ca l  Rhythms 

I n  r e c e n t  yea r s  it has  been recognised (Mar t in  1972, Lindblom & Sund- 
berg 1970, 1972, Longuet-Higgins 1976, 1978) t h a t  t h e r e  is  a c l o s e  pa ra l -  
l e l  between m e t r i c a l  rhythms (as opposed t o  t h e  "freen rhythms o f  p l a in -  
chant  o r  r e c i t a t i v e )  and t h e  s y n t a c t i c  s t r u c t u r e s  o f  sen tences .  A met r i -  
c a l  p a s s a g e  is o n e  w h i c h  c o u l d  be  a s s i g n e d  a " t i m e  s i g n a t u r e w  s u c h  a s  
11/11, 3/11 o r  6 /8 ;  what  s u c h  a s i g n a t u r e  s p e c i f i e s  i s  a c t u a l l y  a grammar  
c o n s i s t i n g  of  a s e t  of con tex t - f r ee  r e a l i s a t i o n  r u l e s  such a s  t h e  f o l l o -  
wing : 

I n  such a set of  r u l e s  t h e  symbols 4/4, 1/8 e t c .  (which have been adopted 
he re  f o r  t h e i r  appea l  t o  mus ica l  i n t u i t i o n )  a r e  n o t  themselves  no t e s  o r  
rests, though they  may be r e a l i s e d  a s  such; t hey  correspond t o  e n t i t i e s  
such a s  b a r s  and bea ts ,  and may be s a i d  t o  d e s i g n a t e  v v m e t r i c a l  u n i t s w  a t  
va r ious  l e v e l s  i n  a m e t r i c a l  hierarchy.  I n  t h e  commonest me t r e s  each bar  
o r  s h o r t e r  m e t r i c a l  u n i t  is  d i v i s i b l e  i n t o  e i t h e r  two o r  t h r e e  m e t r i c a l  
u n i t s  a t  t h e  n e x t  l e v e l  down; i f  t h i s  i s  t h e  case t h e  m e t r e  may be  
d e s c r i b e d  as a " s t a n d a r d n  m e t r e ,  and r e p r e s e n t e d  by a l i s t  c o n s i s t i n g  
e n t i r e l y  o f  2 ' s  and 3's. Thus t h e  4 /4  m e t r e  s p e c i f i e d  a b o v e  would be  



r e p r e s e n t e d  by t h e  l i s t  ( 2  2  2...1), i n d i c a t i n g  t h a t  t h e  b a r  - t h e  t o p -  
l e v e l  u n i t  - is  d i v i s i b l e  i n t o  2, t h e  ha l f -bar  is a l s o  d i v i s i b l e  i n t o  2, 
and s o  on. 

The time s i g n a t u r e s  3/4 and 6/8 i n d i c a t e  metres w i t h  d i f f e r e n t  reali- 
s a t i o n  r u l e s  namely 

and 

The t ime  s i g n a t u r e  commonly used f o r  spec i fy ing  such metres u s u a l l y  imp ly  
o n l y  t h e  f i r s t  o n e  o r  two  d i v i s i o n s  o f  t h e  b a r ;  i n  t h e  n o t a t i o n  t h a t  w e  
a r e  proposing t h e  3/4 and 6/8 metres would be symbolised as ( 3  2)  and (2 
3) r e spec t ive ly .  (We s h a l l  no t  e n t e r  here  i n t o  t h e  d e t a i l e d  d e s c r i p t i o n  
o f  "contex t - sens i t iven  metres, i n  which, f o r  example, t h e  first bea t  o f  a  
b a r  i s  d i v i s i b l e  i n t o  2 and t h e  s econd  i n t o  3;  o r  o f  " v a r i a b l e n  metres, 
i n  which  t h e  b a r ,  o r  any  s u b u n i t  t h e r e o f ,  i s  o p t i o n a l l y  d i v i s i b l e  i n t o  
e i t h e r  2 o r  3  u n i t s  a t  t h e  next  l e v e l  down.) 

By t h e  p r o g r e s s i v e  a p p l i c a t i o n  o f  t h e  r e a l i s a t i o n  r u l e s  o f  a  g i v e n  
metre  w e  gene ra t e  a  * t r een  s t r u c t u r e ,  i n  which t h e  t lroottl  node r e p r e s e n t s  
t h e  whole  b a r ,  and t h e  o t h e r  n o n - t e r m i n a l  nodes  r e p r e s e n t  l o w e r - l e v e l  
m e t r i c a l  u n i t s .  A t  t h i s  p o i n t  t h e  t e r m i n a l  nodes  o f  t h e  t r ee  a r e  a l l  
e i t h e r  (sounded) no t e s  o r  r e s t s ;  i n  o r d e r  t o  a l l o w  f o r  t i e d  n o t e s  ( n o t e s  
t h a t  a r e  t i e d  back  t o t h e i r  p r e d e c e s s o r s ,  r a t h e r  t h a n  b e i n g  s e p a r a t e l y  
sounded), a  f u r t h e r  r u l e  is now invoked: i f  any n o t e  N,  sounded o r  t i e d ,  



i s  i m m e d i a t e l y  f o l l o w e d  by a  r e s t  R ,  t h e n  R may b e  r e p l a c e d  by a n o t e  
t h a t  i s  t i e d  back  t o  N: 

  in all^, i n  o r d e r  t o  avoid  meaningless  sequences o f  rests o r  t i e d  no t e s ,  
i t  i s  s t i p u l a t e d  t h a t  any d iv ided  m e t r i c a l  u n i t  c o n s i s t i n g  e n t i r e l y  of  
r e s t s ,  o r  o f  n o t e s  t h a t  are  t i e d  t o g e t h e r ,  i s  r e p l a c e d  by a n  u n d i v i d e d  
u n i t  composed o f  a  s i n g l e  b e a t ,  o r  o f  a s i n g l e  n o t e  t h a t  i s  s o u n d e d  o r  
t i e d  a c c o r d i n g  a s  t h e  f i rst  n o t e  o f  t h e  r e p l a c e d  u n i t  was sounded  o r  
t i e d  : 

Any t r e e  t h a t  r e s u l t s  from t h e  a p p l i c a t i o n  of  a set  of  m e t r i c a l  reali- 
s a t i o n  r u l e s ,  and t h e  metre-independent replacement  r u l e s  j u s t  s t a t e d ,  is 
a  p o s s i b l e  rhythm which accords  w i th  t h e  given metre.  The r e l a t i o n  bet-  
ween t h e  rhythm and t h e  met re  may be s imply s t a t e d :  t h e  former is one o f  
t h e  s t r u c t u r e s  t h a t  i s  g e n e r a t e d  by t h e  grammar  a s s o c i a t e d  w i t h  t h e  
l a t t e r .  On t h i s  view, a rhythm is much more t han  j u s t  a sequence of  n o t e  
va lues ;  i t  is a  s y n t a c t i c  s t r u c t u r e  i n  which t h e  n o t e  va lues  a r e  i m p l i c i t  
i n  t h e  t e r m i n a l  symbols, bu t  do n o t  by themselves  d e f i n e  t h e  rhythm; i f  

t h e y  d i d ,  t h e n  no s e q u e n c e  o f  n o t e  v a l u e s  c o u l d  b e  r h y t - h m i c a l l y  llambi- 
guousll - open t o  a l t e r n a t i v e  rhythmic i n t e r p r e t a t i o n s  - as such sequences 
undoubted ly  are .  

To show t h a t  t h e  formal  t heo ry  j u s t  descr ibed  accoun t s  q u i t e  n a t u r a l l y  
f o r  t h e  phenomenon of rhythmic ambigui ty ,  one example should s u f f i c e .  A 

b a r  c o n s i s t i n g  o f  a  d o t t e d  c r o t c h e t  ( q u a r t e r - n o t e )  f o l l o w e d  by t h r e e  
q u a v e r s  ( e i g h t h - n o t e s )  m i g h t  b e ,  i n  common p a r l a n c e ,  " i n  e i t h e r  3/11 o r  
6/8." I n  t h e  t e rms  of t h e  p r e s e n t  theory ,  such a  b a r  is  genera ted  both by 
t h e  m e t r e  ( 3  2 )  and by t h e  m e t r e  ( 2  3 ) :  



The r e l a t i v e  n o t e  v a l u e s  a r e  t h e  same f o r  b o t h ,  b u t  t h e  s t r u c t u r e s  t o  
which they  belong a r e  q u i t e  d i f f e r e n t ,  and it is t h e  e x i s t e n c e  o f  t h e s e  
a l t e r n a t i v e  s t r u c t u r e s  t h a t  c o n s t i t u t e s  t h e  r h y t h m i c  a m b i g u i t y  o f  t h e  
sequence. 

This  example might sugges t  t h a t  rhythmic ambigui ty  is  a merely spora-  
d i c  occurrence,  l i k e  s y n t a c t i c  ambigui ty  i n  sen tences ;  bu t  i n  fact i t  is 
a n  a l l - p e r v a s i v e  m u s i c a l  phenomenon. A s  t h e  r e a d e r  w i l l  a l r e a d y  h a v e  
n o t i c e d  i n  i n s p e c t i n g  e x a m p l e s  (a), ( b )  and ( c )  o f  s e c t i o n  1 ,  e v e n  t h e  
mos t  i n n o c u o u s  s e q u e n c e s  o f  n o t e  v a l u e s  p e r m i t  a n  u n l i m i t e d  number o f  
r h y t h m i c  i n t e r p r e t a t i o n s .  Hence, i n s o f a r  as l i s t e n e r s  a g r e e  on  t h e  
rhythms of given.  sequences of  no t e  va lues ,  we can i n f e r  t h a t  t h e  p roces s  
of  rhythmic percept ion  must be t i g h t l y  cons t r a ined  by s o b e  t a c i t  assump- 
t i o n  a s  t o  what counts ,  o r  does n o t  count ,  as a  "na tu ra ln  i n t e r p r e t a t i o n .  
I n  t h e  fo l lowing  s e c t i o n s  we a r e  l a r g e l y  concerned w i t h  t h e  uncovering o f  
j u s t  such an  assumption; bu t  i n  o r d e r  t o  s t a t e  t h e  assumption p r e c i s e l y ,  
i t  i s  f i r s t  n e c e s s a r y  t o  c l a r i f y  a n o t h e r  r h y t h m i c  c o n c e p t  - t h a t  o f  
syncopation. 

3. Syncopation 

Informal ly ,  most musicians would ag ree  t h a t  t h e  rhythms (12) and (13) 
a r e  syncopated, whereas (14) and (15) are no t ;  (16) is perhaps a  marg ina l  
ca se  : 

.. - - 

What i s  t h e  d i f f e r e n c e ?  S u r e l y  t h a t ,  i n  (12 )  and  (13) a t  l e a s t ,  a "hea-  
v i e r "  n o t e  i s  t i e d  back  t o  a " l i g h t e r "  sounded  n o t e ,  w h e r e a s  i n  ( 1 4 )  and  
(15 )  t h e  I1heavierw n o t e  i s  t h e  f i r s t  o f  t h e  t i e d  p a i r .  T h i s  o b s e r v a t i o n  
sugges t s  t h a t  i n  o rde r  t o  p i n  down t h e  concept o f  syncopat ion  w e  need t o  
d e f i n e  t h e  "weight" of  a  no t e  o r  a  r e s t ;  t h e  f o l l o w i n g  d e f i n i t i o n  seems 
t o  accord wi th  i n t u i t i o n :  

13 



The weight o f  a  given no te  o r  rest is t h e  l e v e l  o f  t h e  h i g h e s t  metri- 
c a l  u n i t  t h a t  i t  i n i t i a t e s .  (The l e v e l  o f  t h e  t o p m o s t  m e t r i c a l  u n i t  i s  

a r b i t r a r i l y  se t  e q u a l  t o  0 ,  and  t h e  l e v e l  o f  a n y  o t h e r  u n i t  i s  a s s i g n e d  
t h e  va lue  n- l ,  where n  is t h e  l e v e l  of  its l1parenttt u n i t  i n  t h e  rhythm.) 

On t h i s  d e f i n i t i o n ,  t h e  w e i g h t s  o f  t h e  n o t e s  i n  (12 )  t o  ( 1 6 )  are a s  
fol lows:  

m /I 

7 j' ( 1  ; 7 L 
o -2 - I  0 -2 -3 - /  -2 

We are now i n  a  p o s i t i o n  t o  d e f i n e  a  syncopat ion:  

I f  R i s  a  r e s t  o r  a t i e d  n o t e ,  and N i s  t h e  n e x t  sounded  n o t e  b e f o r e  
R ,  and  t h e  w e i g h t  o f  N i s  no greater  t h a n  t h e  w e i g h t  o f  R ,  t n e n  t h e  p a i r  
(N,R) is s a i d  t o  c o n s t i t u t e  a  syncopation. The " s t r engh tn  of  t h e  syncopa- 
t i o n  is t h e  weight  o f  R minus t h e  weight of  N. 

Thus i n  (12) and (13) w e  have syncopat ions o f  s t r e n g t h  1  and 2  respec- 

t i v e l y ,  and i n  (16 )  a  s y n c o p a t i o n  o f  s t r e n g t h  0 ;  b u t  (14 )  and  (15 )  
con ta in  no syncopat ions - a s  mus ica l  i n t u i t i o n  demands. 

So f a r  our  d i s cus s ion  of  rhythmic s t r u c t u r e  h a s  been confined t o  t h e  
i n d i v i d u a l  b a r ,  f o r  which t h e  e n t i r e  rhythm descends from a s i n g l e  node, 
t h e  l e v e l  o f  t h i s  node being a r b i t r a r i l y  set  t o  zero. But many monophonic 
p a s s a g e s  c o n s i s t  o f  s e q u e n c e s  o f  b a r s  which  may o r  may n o t  be  g rouped  
i n t o  h igher  m e t r i c a l  un i t s .  The concepts  o f  l e v e l  and weight  may never- 
t h e l e s s  be app l i ed  t o  such passages: t h e  l e v e l  o f  any m e t r i c a l  u n i t  i n  a 
s e q u e n c e  o f  b a r s  c a n  s t i l l  be  d e f i n e d  a s  z e r o  i f  t h e  u n i t  i s  a f u l l  b a r ,  
and c a n  o t h e r w i s e  be  a s s i g n e d  t h e  v a l u e  t h a t  i t  would have  i f  t h e  b a r  
con ta in ing  t h e  u n i t  were cons idered  i n  i s o l a t i o n .  The same a p p l i e s  t o  t h e  
c o n c e p t  o f  w e i g h t :  t h e  w e i g h t  o f  a  n o t e  o r  r e s t  c a n  s t i l l  be  d e f i n e d  a s  
t h e  l e v e l  o f  t h e  h i g h e s t  m e t r i c a l  u n i t  t h a t  i t  i n i t i a t e s .  Then it w i l l  be 
app rop r i a t e  t o  d e s c r i b e  a sequence of  b a r s  a s  syncopated i f  and only  i f  

one o f  t h e  b a r s  con ta in s  a  syncopat ion,  o r  some b a r  begins  w i th  a  rest o r  
a  no t e  t h a t  is t i e d  back t o  a sounded no te  of  lesser weight. 



4. Regular Passages 

A t  t h i s  p o i n t  t h e  r eade r  is i n v i t e d  t o  r econs ide r  t h e  n o t e  sequences 
( a ) ,  ( b )  and  ( c )  o f  S e c t i o n  1. I n  e a c h  case, t h e  " n a t u r a l n  i n t e r p r e t a -  
t i o n s  of  t h e  sequence a r e  t h e  on ly  ones t h a t  a r e  e n t i r e l y  unsyncopated; 
i n  a l l  t h e  a l t e r n a t i v e  i n t e r p r e t a t i o n s  t h e r e  a r e  n o t e s  t h a t  are t i e d  back 
t o  sounded no te s  of  equal  o r  lesser weight. We may s u s p e c t  t h a t  t h i s  is a 
gene ra l  c h a r a c t e r i s t i c  of  t tnatural"  i n t e r p r e t a t i o n s :  t h a t  when a sequence 
o f  n o t e s  c a n  be  i n t e r p r e t e d  as t h e  r e a l i s a t i o n  o f  a n  u n s y n c o p a t e d  p a s -  
sage, then  t h e  l i s t e n e r  w i l l  i n t e r p r e t  t h e  sequence i n  t h i s  way. But t h e  
ques t i on  immediately a r i s e s :  i f  a  no t e  sequence is indeed t h e  r e a l i s a t i o n  
of  an  unsyncopated passage, how can t h e  l i s t e n e r  a r r i v e  a t  such an i n t e r -  
p r e t a t i o n  o f  it ,  us ing  no more in format ion  than t h e  r e l a t i v e  d u r a t i o n s  o f  
t h e  no tes?  This  is  t h e  problem t o  which w e  now turn.  

We d e f i n e  a  r e g u l a r  passage as a  sequence of  b a r s  s a t i s f y i n g  t h e  f o l -  
10 wing cond i t i ons  : 

(i) Every  b a r ,  e x c e p t  p o s s i b l y  t h e  f i r s t ,  b e g i n s  w i t h  a sounded  aotts 

( t h i s  ensu re s  t h a t  t h e r e  a r e  no syncopat ions a c r o s s  t h e  bar  l i n e s ) ;  
(ii) a l l  t h e  b a r s  a r e  genera ted  by t h e  same s t anda rd  me t r e ;  
( i i i )  t h e r e  a r e  no syncopat ions wi th in  any of  t h e  bars .  

We now show t h a t  i f  a  s e q u e n c e  o f  n o t e s  i s  i n d e e d  t h e  r e a l i s a t i o n  o f  a  
r egu la r  passage, then  t h e  d u r a t i o n s  o f  t h e  sounded n o t e s  (def ined  as t h e  
t imes be tween  t h e i r  o n s e t s )  s u p p l y  u s e f u l  e v i d e n c e  a b o u t  t h e A r h y t h m i c  
s t r u c t u r e .  More p r e c i s e l y ,  w e  show t h a t  i f  D i s  t h e  d u r a t i o n  o f  t h e  
m e t r i c a l  u n i t s  a t  l e v e l  L, then  t h e  sounded n o t e s  whose d u r a t i o n s  exceed 
D must be spaced by t ime  i n t e r v a l s  which a r e  m u l t i p l e s  o f  D*, where D' is  
t h e  d u r a t i o n  o f  t h e  u n i t s  a t  l e v e l  L+1. So by c o n s i d e r i n g  n o t e s  o f  
p r o g r e s s i v e l y  g r e a t e r  d u r a t i o n  we c a n ,  a s  i t  were ,  b u i l d  up t h e  m e t r e  
from t h e  bottom, u n t i l  we reach  t h e  l owes t  metrical u n i t  t h a t  accomodates 
t h e  l o n g e s t  sounded n o t e s .  We w i l l  now p r e s e n t  t h e  s t e p s  i n  t h e  demon- 
s t r a t i o n  a s  a s e r i e s  of  lemmas wi th  accompanying proofs.  



Lemma 1. Le t  N be a sounded note ,  and l e t  U be t h e  h i g h e s t  metrical u n i t  
t h a t  N i n i t i a t e s .  Then t h e  d u r a t i o n  o f  N cannot exceed t h a t  o f  U. 

Proof. L e t  N be any sounded no te  except  t h e  last  one i n  t h e  sequence,  and 
l e t  S  be  t h e  n e x t  sounded  n o t e  a f t e r  N;  l e t  U be  t h e  h i g h e s t  m e t r i c a l  
u n i t  t h a t  N i n i t i a t e s .  Suppose, c o n t r a r y  t o  t h e  Lemma, t h a t  t h e  onse t  o f  
S o c c u r s  l a t e r  t h a n  t h e  end o f  U. Then t h e  end  o f  U m u s t  c o i n c i d e  w i t h  
t h e  o n s e t  o f  a  r e s t  o r  t i e d  n o t e  R; l e t  V be  t h e  h i g h e s t  met r ica l  u n i t  
i n i t i a t e d  by R. S ince  t h e  beginning of  V co inc ides  w i t h  t h e  end o f  U,  t h e  
l e v e l  o f  V mus t  be  a t  l e a s t  a s  h i g h  a s  t h e  l e v e l  o f  U. Hence t h e  w e i g h t  
of  R is  no less than t h e  weight  o f  N,  and s o  (N,R) c o n s t i t u t e s  a syncopa- 
t ion .  But by hypothes i s  t h e  rhythm i s  unsyncopated, and s o  t h e  o n s e t  o f  S 

must occur  no l a t e r  than t h e  end o f  U ,  a s  t h e  lemma asserts. 

Lemma 2. I f  D i s  t h e  d u r a t i o n  o f  t h e  m e t r i c a l  u n i t s  a t  l e v e l  L, t h e n  
every sounded no te  of  d u r a t i o n  g r e a t e r  than  D must be o f  weight  a t  l e a s t  
L+1. 

Proof .  By Lemma 1 ,  no  sounded  n o t e  o f  w e i g h t  L  c a n  h a v e  a d u r a t i o n  
g r e a t e r  t h a n  D. T h e r e f o r e  a n y  sounded  n o t e  o f  d u r a t i o n  g r e a t e r  t h a n  D 

must be of  weight  a t  l e a s t  L+1. 

Lemma 3. If L i s  any  l e v e l  i n  t h e  metre, and  i f  D is t h e  d u r a t i o n  o f  t h e  
u n i t s  a t  t h a t  l e v e l ,  then t h e  time i n t e r v a l s  between t h e  o n s e t s  o f  soun- 
ded n o t e s  of  weight  L  o r  g r e a t e r  must be m u l t i p l e s  o f  D. 

Proof. The d u r a t i o n  of any metrical u n i t  o f  l e v e l  h i g h e r  t han  L  must be a  
m u l t i p l e  o f  D ,  b e c a u s e  when a m e t r i c a l  u n i t  is d i v i d e d ,  i t s  d a u g h t e r  
u n i t s  a r e  o f  e q u a l d u r a t i o n .  B u t t h e  sounded  n o t e s  u n d e r  c o n s i d e r a t i o n  
a l l  i n i t i a t e  m e t r i c a l  u n i t s  o f  l e v e l  L o r  g r e a t e r ,  s o  t h e  l e m m a  fo l lows .  

The t a s k  o f  d e t e r m i n i n g  t h e  metre o f  a r e g u l a r  p a s s a g e ,  and  t h u s  
r evea l ing  i ts  rhythmic s t r u c t u r e ,  may t h e r e f o r e  be broken down i n t o  t h e  
fo l l owing  s t eps :  



F i r s t  one must l o c a t e  t h e  s h o r t e s t  metrical u n i t s ,  and t h e s e  w i l l  have 
t h e  same d u r a t i o n s  ass t h e  s h o r t e s t  sounded n o t e s .  ( T h i s  i s  n o t  t r u e  - f o r  

--V - 
syncoped passages,  such as 

where t h e  c r o t c h e t  does  no t  d e l i m i t  t h e  s h o r t e s t  metrical u n i t ,  which is 
a t  t h e  quaver level . )  The nex t  s t e p  is t o  cons ider  t h e  set o f  a l l  sounded 
no te s  of  du ra t i on  longer  t han  t h e  s h o r t e s t  metrical u n i t .  By Lemma 3, t h e  
times o f  o n s e t  o f  t h e s e  n o t e s  mus t  be  s p a c e d  by m u l t i p l e s  o f  t h e  n e x t  
s h o r t e s t  un i t .  So i f  t h e  s h o r t e s t  m e t r i c a l  u n i t  is of  d u r a t i o n  D, and t h e  
h ighes t  common d i v i s o r  o f  t h e  spac ings  between sounded n o t e s  longer  t h a n  
D is D' ,  w e  s h a l l  f i n d  t h a t  D t / D  i s  a n  i n t e g e r  whose o n l y  p r i m e  f a c t o r s  
a r e  2 and 3. ( T h i s  c o n c l u s i o n  rests, o f  c o u r s e ,  on t h e  a s s u m p t i o n  t h a t  
t he  metre  is standard.)  If  D9/D t u r n s  ou t  t o  be a power o f  2, then w e  can 
conclude t h a t  t h e  m e t r i c a l  u n i t  a t  t h e  next  l e v e l  is o f  d u r a t i o n  2D, and 
i f  D t / D  i s  a  power o f  3 ,  t h e  d u r a t i o n  o f  t h e  u n i t  m u s t  b e  3 D .  But i f  D V / D  

is  a  m u l t i p l e  o f  6,  then  t h e  next  u n i t  up might have a d u r a t i o n  e q u a l  t o  
e i t h e r  2D o r  3D; i n  t h i s  c a s e  t h e  metre, and c o n s e q u e n t l y  t h e  r h y t h m ,  
w i l l  be ambiguous: 

I f  D ' / D  h a s  a n y  o t h e r  v a l u e ,  s u c h  a s  1 / 2 ,  1 ,  3 / 2 ,  5, w e  c a n  i n f e r  t h a t  
t h e r e  is no i n t e r p r e t a t i o n  o f  t h e  sequence a s  t h e  r e a l i s a t i o n  of  a regu-  
l a r  passage. 

The remaining s t a g e s  i n  t h e  de t e rmina t ion  of  t h e  metre f o l l o w  e x a c t l y  
t h e  same l i n e s .  D is mul t i p l ed  by 2 o r  3, as t h e  c a s e  may be,  and w e  form 
t h e  s e t  o f  a l l  sounded  n o t e s  whose d u r a t i o n s  a r e  g r e a t e r  t h a n  t h e  new 
va lue  o f  D. If a t  any s t a g e  t h e r e  is j u s t  one such n o t e  i n  t h i s  set, t h e n  
t h e  procedure fa i l s  t o  provide  a r e g u l a r  i n t e r p r e t a t i o n  o f  t h e  sequence,  
s i n c e  w e  need a t  l e a s t  2  n o t e s  o f  d u r a t i o n  g r e a t e r  t h a n  D i n  o r d e r  t o  
d e t e r m i n e  D'. But if ,  f o r  a g i v e n  v a l u e  o f  D ,  t h e r e  a r e  no sounded  n o t e s  
o f  d u r a t i o n  g r e a t e r  t h a n  D ,  t h e n  t h e  p r o c e s s  comes t o  a n  e n d ,  and  t h e  
m e t r i c a l  u n i t s  o f  d u r a t i o n  D c a n  be  i d e n t i f i e d  as t h e  b a r s  o f  a  r e g u l a r  
passage. 



To show how t h e  p r o c e d u r e  works  i n  p r a c t i c e ,  w e  c a n  a p p l y  i t  t o  t h e  
n o t e  s e q u e n c e  (4) o f  S e c t i o n  1. The s h o r t e s t  n o t e s  a re  t h e  q u a v e r s ,  and  
t h e s e  r e v e a l  t h e  l o w e s t  l e v e l  o f  t h e  m e t r e .  The sounded n o t e s  which 
exceed a  quaver i n  l eng th  a r e  t h e  c r o t c h e t s  and t h e  d o t t e d  c r o t c h e t s ;  t h e  
h ighes t  common d i v i s o r  o f  t h e i r  spac ings  is  a  c r o t c h e t ,  s o  t h a t  D1/D = 2. 

The next  m e t r i c a l  u n i t  above t h e  quaver is t h e r e f o r e  a c r o t c h e t  un i t .  The 
o n l y  n o t e s  l o n g e r  t h a n  a  c r o t c h e t  a r e  t h e  d o t t e d  c r o t c h e t s ,  and  t h e i r  
spac ing  is  a  d o t t e d  minim, equal  t o  t h r e e  c r o t c h e t s ,  s o  t h a t  t h e  d u r a t i o n  
o f  t h e  n e x t  m e t r i c a l  u n i t  i s  a d o t t e d  minim. T h e r e  a re  no n o t e s  l o n g e r  
than  a do t t ed  minim, s o  t h e  process  t e r m i n a t e s ,  and we o b t a i n  a rhythmic 
i n t e r p r e t a t i o n  o f  t h e  sequence a s  t h e  r e a l i s a t i o n  of  a r e g u l a r  passage i n  - ---- 
which  t h e  v a l u e  o f  e a c h  b'dr i s  a d o t t e d - m i n i m ,  a n d t h e  m e t r e  i s  ( 3  2). 

This  is  t h e  i n t e r p r e t a t i o n  g iven  i n  (5). 

The n o t e  s e q u e n c e  (8)  o f  S e c t i o n  1 s u p p l i e s  a n o t h e r  example.  The 
s h o r t e s t  n o t e s  a r e  t h e  q u a v e r s ,  and  t h e  n o t e s  l o n g e r  t h a n  a q u a v e r  a r e  
spaced by d o t t e d  c r o t c h e t s ,  s o  t h a t  t h e  quaver u n i t s  must be grouped i n  
t h r e e s  f o r m i n g  d o t t e d  c r o t c h e t  u n i t s .  T h e r e  a r e  no  n o t e s  l o n g e r  t h a n  a 
do t t ed  c r o t c h e t ,  s o  t h e  process  t e rmina te s ,  y i e l d i n g  an  i n t e r p r e t a t i o n  of  
t h e  sequence as t h e  r e a l i s a t i o n  of  a  r e g u l a r  passage c o n s i s t i n g  o f  d o t t e d  
c r o t c h e t  b a r s  a s  shown i n  (9) .  The a s s o c i a t e d  m e t r e  i s  s i m p l y  (3) .  

For t h e  isochronous sequence d iscussed  i n  Sec t ion  1 (a )  t h e  procedure 
f i n d s  t h e  s h o r t e s t  m e t r i c a l  u n i t  - of  va lue ,  say ,  one c r o t c h e t  - bu t  as 
t h e r e  a r e  no sounded no te s  longer  than  a  c r o t c h e t  t h e  process  immedia te ly  
h a l t s ,  implying t h a t  every bar  c o n t a i n s  j u s t  one note .  Though t h i s  i n t e r -  
p r e t a t i o n  is r a t h e r  u n i n t e r e s t i n g ,  i t  does a t  l e a s t  p rec lude  t h e  implau- 
s i b l e  i n t e r p r e t a t i o n s  shown i n  ( l ) ,  (2) and (3). 

A s  a  f i n a l  example we may cons ider  t h e  no te  sequence which c o n s i s t s  of  
a  s i n g l e  c r o t c h e t  f o l l o w e d  by s e v e r a l  q u a v e r s .  The q u a v e r  i m m e d i a t e l y  
e s t a b l i s h e s  i t s e l f  a s  t h e  s h o r t e s t  m e t r i c a l  u n i t ,  b u t  now t h e r e  is only  
one  n o t e  l o n g e r  t h a n  a  quave r .  The p r e s e n c e  o f  t h i s  n o t e  i n d i c a t e s  t h a t  
if t h e  p a s s a g e  i s  r e g u l a r  t h e r e  mus t  e x i s t  m e t r i c a l  u n i t s  above  t h e  
q u a v e r  l e v e l .  But we need a t  l e a s t  t w o  n o t e s  l o n g e r  t h a n  a q u a v e r  t o  
d e l i m i t  t h i s  h igher  m e t r i c a l  u n i t ,  and only  one no te  is  ava i l ab l e .  This  
s h o r t a g e  o f  e v i d e n c e  c o r r e s p o n d s  t o  t h e  f a c t  t h a t  t h e  q u a v e r s  m i g h t  
indeed be grouped i n  e i t h e r  twos o r  t h rees :  



I n  s h o r t ,  t h e r e  e x i s t s  a pa r s ing  a lgo r i t hm f o r  n o t e  sequences which, 
when i t  s u c c e e d s ,  d e l i v e r s  a n  i n t e r p r e t a t i o n  o f  t h e  s e q u e n c e  a s  t h e  
r e a l i s a t i o n  o f  a r egu la r  passage. When t h e  a lgor i thm fa i l s  a t  any stage, 
i t s  f a i l u r e  is e v i d e n t  f rom t h e  f a c t  t h a t  e i t h e r  D' i s  n o t  c o m p u t a b l e  
( b e c a u s e  t h e r e  i s  o n l y  one  sounded  n o t e  o f  d u r a t i o n  g r e a t e r  t h a n  D )  o r  
t h e  computed v a l u e  o f  D 1 / D  i s  n o t  a power  o f  2 o r  a power  o f  3. 

We can now r e t u r n ,  wi th  a c l e a r e r  i n s i g h t ,  t o  t h e  q u e s t i o n  why l i s t e -  
n e r s  regard  some rhythmic i n t e r p r e t a t i o n s  of  no t e  sequences a s  s o  much 
more p l a u s i b l e  than  others .  We propose t h e  fo l l owing  answers:  t h a t  i f  t h e  
pars ing  a lgo r i t hm j u s t  descr ibed  succeeds i n  i n t e r p r e t i n g  a no te  sequence 
a s  t h e  r e a l i s a t i o n  o f  a  r e g u l a r  passage, then t h i s  i n t e r p r e t a t i o n  w i l l  be 
i m p l i c i t  i n  t h e  l i s t e n e r ' s  i n t e r p r e t a t i o n  o f  what  h e  h e a r s .  We may de-  
s c r i b e  one  i n t e r p r e t a t i o n  a s  b e i n g  w i m p l i c i t w  i n  a n o t h e r  i f  a l l  t h e  
m e t r i c a l  u n i t s  o f  t h e  former a r e  p re sen t  i n  t h e  la t ter ;  t h u s  an i n t e r p r e -  
t a t i o n  which  s p e c i f i e s  t h e  r h y t h m i c  s t r u c t u r e s  o f  a l l  t h e  b a r s  o f  a 
r e g u l a r  passage is i m p l i c i t  i n  a  r i c h e r  i n t e r p r e t a t i o n  which goes f u r -  
t h e r ,  and g r o u p s  t h e  b a r s  t o g e t h e r  i n  t w o s  o r  t h r e e s .  Thus o f  t h e  t w o  
i n t e r p r e t a t i o n s  shown below, t h e  first is i m p l i c i t  i n  t h e  second: 

We c l o s e  t h i s  s e c t i o n  wi th  a  p a i r  o f  r e a l  musical  examples ,  t o  i l l u -  
s t r a t e  how t h e  r h y t h m i c  a m b i g u i t y  i n h e r e n t  i n  t h e  f i r e t  few n o t e s  o f  a 
s e q u e n c e  c a n  b e  r e s a l v e d  by l a t e r  n o t e s ,  o n  t h e  a s s u m p t i o n  t h a t  t h e  
sequence i s  t h e  r e a l i s a t i o n  o f  a r e g u l a r  passage. The examples a r e  t aken  
from t h e  s econd  movement o f  Bee thoven ' s  P i a n o  S o n a t a  Op. 109 a n d  t h e  
s econd  s u b j e c t  o f  t h e  f i r s t  movement o f  Brahm's Symphony No. 2. The 
r e l a t i v e  n o t e  va lues  (which i n  t h e  first example d i s g u i s e  t h e  rhy thmic  
s t r u c t u r e )  a r e  a s  shown i n  ( 1 7 )  and  (18) b e l o w ,  t h e  f i rst  s i x  n o t e s  
having t h e  same r e l a t i v e  va lues  i n  both passages: 



For both sequences t h e  pa r s ing  a lgor i thm y i e l d s  a quaver  a s  t h e  shor- 
t e s t  m e t r i c a l  u n i t ;  t h e  ques t ion  then arises how t h e  quavers  a r e  grouped. 
I n  e x a m p l e  (17 )  t h e  n o t e s  l o n g e r  t h a n  a  q u a v e r  a r e  s p a c e d  by t h e  f o l l o -  
wing numbers o f  quavers:  6, 6,  3, 3  and 3; t h e  h i g h e s t  common d i v i s o r  of 
t h e s e  numbers  i s  3 ,  s o  t h e  n e x t  m e t r i c a l  u n i t  is o f  v a l u e  3 q u a v e r s ,  
e q u a l  t o  one  d o t t e d  c r o t c h e t .  The re  a r e  two  n o t e s  l o n g e r  t h a n  a d o t t e d  
c r o t c h e t ,  and  t h e s e  a r e  s p a c e d  by two d o t t e d  c r o t c h e t s ,  s o  t h a t  t h e  
h i g h e s t  m e t r i c a l  u n i t  a c c e s s i b l e  t o  t h e  a l g o r i t h m  h a s  a v a l u e  o f  one  
do t t ed  minim. I n  decreas ing  o rde r  of s i z e ,  t h e  m e t r i c a l  u n i t s  a r e  there-  
f o r e  a  do t t ed  minim, a  d o t t e d  c r o t c h e t  and a quaver ,  and t h e  metre  is 

(2  3); pars ing  t h e  sequence according t o  t h i s  met re  we o b t a i n  t h e  r e g u l a r  
passage shown i n  (19), which ag rees  w i th  Beethoven's score .  

I n  example  (18 )  t h e  n o t e s  l o n g e r  t h a n  a q u a v e r  h a v e  t h e  f o l l o w i n g  
s p a c i n g s :  6 ,  6 ,  2 ,  2 ,  2 ,  o f  which  t h e  h i g h e s t  common d i v i s o r  i s  2 ,  s o  
t h a t  t h e  quavers must be grouped i n  p a i r s ,  forming c ro t che t s .  There a r e  
j u s t  two  n o t e s  l o n g e r  t h a n  a c r o t c h e t ,  and  t h e s e  a re  s p a c e d  by t h r e e  
c r o t c h e t s ,  s o  t h a t  i n  d e s c e n d i n g  o r d e r  t h e  m e t r i c a l  u n i t s  mus t  b e  a  
d o t t e d  minim,  a c r o t c h e t  and  a q u a v e r ,  y i e l d i n g  t h e  m e t r e  ( 3  2). The 
sequence i s  thus  i n t e r p r e t e d  as t h e  r e a l i s a t i o n  o f  a r e g u l a r  passage i n  
6/8 t ime ,  namely (20): 

It w i l l  be  n o t e d  t h a t  o u r  a n a l y s i s  o f  t h e  Bee thoven  example  d i f f e r s  
somewhat from t h a t  of  Simon (1968), bu t  he a l s o  made t h e  p o i n t  t h a t  t h e  
f u l l  met re  of monophonic sequence may no t  become clear u n t i l  a f t e r  a few 
ba r s  have been heard. 



5. Higher-Level Rhythms 

Our d i s c u s s i o n  h a s  s o  f a r  been  c o n f i n e d  t o  monophon ic  p a s s a g e s  i n  
which a l l  t h e  b a r s  are generated by t h e  same s tandard  metre, b u t  t h e  b a r s  
a r e  n o t  n e c e s s a r i l y  grouped t o g e t h e r  i n t o  h igher - leve l  m e t r i c a l  u n i t s .  I n  
many p a s s a g e s ,  however  - p a r t i c u l a r l y  complete  me lod ie s  - h ighe r - l eve l  
groupings a r e  musica.l ly apparent :  i n  most f o l k  t unes ,  for example, there 
i s  r h y t h m i c  s t r u c t u r e  a t  a l l  l e v e l s ,  s o  t h a t  t h e  w h o l e  p a s s a g e  may be  
assigned a rhy thmic  s t r u c t u r e  w i th  a s i n g l e  r o o t  node (Lindblom & Sund- 
b e r g  1972). I n  t h i s  s e c t i o n  w e  c o n s i d e r  how s u c h  h i g h e r - l e v e l  r h y t h m s  
m i g h t  be  p e r c e i v e d  by t h e  l i s t e n e r  on t h e  b a s i s  o f  t h e  d u r a t i o n s  o f  t h e  
no tes .  

The problem o f  d i s ce rn ing  h igher - leve l  s t r u c t u r e  arises, i n  t h e  pre-  
s e n t  con tex t ,  from t h e  f a c t  t h a t  i f  every  ba r  (except  p o s s i b l y  t h e  f i r s t )  
b e g i n s  w i t h  a sounded  n o t e ,  t h e n  t h e  b a r  i t s e l f  i s  t h e  h i g h e s t  l e v e l  
m e t r i c a l  u n i t  t h a t  is a c c e s s i b l e  by t h e  pa r s ing  a l g o r i t h m  desc r ibed  i n  
S e c t i o n  4. The r e a s o n  is t h a t  no  n o t e  c a n  t h e n  h a v e  a d u r a t i o n  l o n g e r  
t h a n  a s i n g l e  b a r ,  s o  t h a t  i f  D i s  t h e  d u r a t i o n  o f  a b a r ,  t h e  d u r a t i o n  D' 
o f  t h e  u n i t s  a t  t h e  n e x t  l e v e l  up  c a n n o t  be computed  f r o m  t h e  h i g h e s t  
common d i v i s o r  of  t h e  spac ings  o f  no t e s  w i th  d u r a t i o n  g r e a t e r  t han  D. For 
example, i f  t h e  no t e  du ra t i ons  a r e  a s  shown i n  (21) 
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only  two m e t r i c a l  l e v e l s  can be d i scovered  by t h e  a l g o r i t h m ,  namely t h e  
c r o t c h e t s  and t h e  quavers;  t h i s  impasse corresponds t o  t h e  f a c t  t h a t  bo th  
(22)  and  (23 )  

a r e  p o s s i b l e  r e g u l a r  i n t e r p r e t a t i o n s  o f  (211, s a t i s f y i n g  t h e  t h r e e  condi- 
t i o n s  l i s t e d  i n  Sec t ion  4, but  i n  t h e s e  two i n t e r p r e t a t i o n s  t h e  c r o t c h e t s  
a r e  g rouped  i n  d i f f e r e n t  ways. One d o e s  f e e l ,  h o w e v e r ,  t h a t  (22 )  i s  a 
more n a t u r a l  i n t e r p r e t a t i o n  than  (23); one t h e r e f o r e  l o o k s  f o r  p e r c e p t u a l  
reasons  why t h i s  might be so. 



An obvious property of (21) is  t h a t  the  notes  of  dura t ion  g r e a t e r  than 
a  quaver  a r e  spaced by minims (1 /2  n o t e s ) ,  s o  t h a t  D v / D  = 4, and s i n c e  
t h i s  i s  a  power of  2, t h e  a l g o r i t h m  a d o p t s  2D as t h e  d u r a t i o n  o f  t h e  
me t r i ca l  u n i t  a t  the  next  l eve l .  But it might seem more n a t u r a l  t o  adopt 
D' i t s e l f ,  namely 4D, a s  a  h i g h e r  m e t r i c a l  u n i t .  I f  t h i s  i d e a  is i n  f a c t  
adop ted ,  t h e n  one o b t a i n s  n o t  mere ly  a  g r o u p i n g  o f  t h e  q u a v e r s  i n t o  
c r o t c h e t s  but  a l s o  a  grouping of t h e  r e s u l t i n g  c r o t c h e t  u n i t s  i n t o  minim 
u n i t s ,  with the  r e s u l t  shown i n  (221, and perhaps t h i s  is one reason why 
(22)  seems a  more n a t u r a l  h i g h e r - l e v e l  i n t e r p r e t a t i o n  t h a n  (23).  The 
r e s u l t i n g  rhythmic r e p e t i t i o n  w i l l  undoubtedly r e i n f o r c e  t h i s  i n t e r p r e t a -  
t i o n ,  a s  a g a i n s t  (23) ,  b u t  r e p e t i t i o n  canno t  be t h e  whole  s t o r y  because  
f o r  t h e  n o t e  sequence  (24)  t h e  n a t u r a l  i n t e r p r e t a t i o n  i s  s t i l l  (25)  
r a t h e r  t h a n  (26). 

We a r e  suggesting, i n  s h o r t ,  t h a t  although higher- level  rhythms cannot 
be in fe r red  from t h e  r e g u l a r i t y  assumption a s  it s t ands ,  t h e  l i s t e n e r  may 
n o n e t h e l e s s  p e r c e i v e  such  higher-level groupings even i f  t h e  n o t e s  o f  
d u r a t i o n  g r e a t e r  t h a n  D a r e  q u i t e  w i d e l y  s p a c e d ,  p r o v i d e d  t h a t  D f / D  is  
s t i l l  a  power of 2  o r  a  power of  3. But we must stress t h a t  t h i s  conjec- 
t u r e  i s  l o g i c a l l y  independen t  o f  t h e  a s s u m p t i o n  t h a t  t h e  p a s s a g e  i s  
regular  i n  the  prec ise  sense defined i n  t h e  preceding sec t ion .  

6. The Role of the  Phrasing 

So f a r  o u r  d i s c u s s i o n  h a s  been c o n f i n e d  t o  e x t r e m e l y  i m p o v e r i s h e d  
musical ma te r i a l ,  i n  which the  only. information a c c e s s i b l e  t o  t h e  l i s t e -  
ner  is t h a t  which can be derived from the  t imes  of  onse t  of  t h e  notes. I n  
r e a l  m u s i c a l  pe r fo rmances ,  however,  t h e  p e r f o r m e r  w i l l  n o t  be  c o n t e n t  
mere ly  t o  sound t h e  n o t e s  a t  a p p r o p r i a t e  moments; h e  w i l l  a c c e n t  some 
notes more than o the r s ,  advance o r  delay the  o n s e t s  of some of t h e  notes ,  



\ 

and p lay  some n o t e s  s t a c c a t o  and o t h e r s  lega to .  I n  t h i s  s e c t i o n  w e  s h a l l  

ske t ch  a theory  o f  t h e  communicative func t ion  o f  such dev ices ,  and w i l l  
s u g g e s t  t h a t  i n  some cases a t  leas t  t h e y  s u p p l y  e s s e n t i a l  c l u e s  t o  t h e  
rhythmic s t r u c t u r e .  I n  p a r t i c u l a r  w e  s h a l l  be concerned w i t h  t h e  d e v i c e  
o f  I1slurringn, though doub t l e s s  similar cons ide ra t i ons  would h e l p  one  t o  
understand t h e  effects o f  accen t  o r  rubato.  

I n  a musica l  performance o f  any i n t e r e s t  t h e r e  w i l l  be  o c c a s i o n a l  g a p s  
be tween  c o n s e c u t i v e  n o t e s . I f ,  i n  a g i v e n  s e q u e n c e  o f  n o t e s ,  t h e  o f f s e t  
o f  e v e r y  n o t e  c o n i n c i d e s  w i t h  t h e  o n s e t  o f  i ts  s u c c e s s o r ,  t h e n  w e  may 
d e s c r i b e  t h e  sequence a s  n s lu r r ed f l  o r  as c o n s t i t u t i n g  a s i n g l e  "phrasen; 
i t  f o l l o w s  t h a t  any sequence whatsoever can be p a r t i t i o n e d  i n t o  p h r a s e s ,  
wi th  a gap between t h e  end o f  each phrase and t h e  beginning o f  t h e  next .  
We propose t h a t  phrasing,  s o  def ined ,  is  no t  merely an  ornamenta l  d e v i c e  
bu t  can se rve  a n  e s s e n t i a l  f unc t ion  i n  making c l e a r  t o  t h e  l i s t e n e r  t h e  
rhythmic s t r u c t u r e  of a passage; t h e  fo l l owing  examples should  make clear 
t h e  b a s i s  f o r  t h i s  view: 

J , r ~  A n... (28) 

Thus a s e q u e n c e  o f  q u a v e r s  p h r a s e d  as  shown i n  (27) i s  l i k e l y  t o  be  
a s s i g n e d  t h e  same m e t r e  a s  t h e  unphrased  s e q u e n c e  ( 2 8 ) ,  w h e r e a s  i f  t h e  
quavers a r e  phrased as shown i n  (291, t h e  n a t u r a l  rhy thmic  i n t e r p r e t a t i o n  
w i l l  be c l o s e l y  r e l a t e d  t o  t h a t  of  (30). The effect o f  t h e  ph ra s ing  seems 
t o  be  t o  c r e a t e  n v i r t u a l "  n o t e s  o f  d u r a t i o n  e q u a l  t o  t h e  i n d i v i d u a l  
phrases;  i f  t h e s e  d u r a t i o n s  are s u f f i c i e n t l y  long they  may r e v e a l  metri- 
c a l  u n i t s  o f  d u r a t i o n  g r e a t e r  t h a n  t h e  l o n g e s t  n o t e s  o f  t h e  u n p h r a s e d  
sequence. To i l l u s t r a t e  t h e  r o l e  t h a t  phras ing  can p l a y  i n  t h e  rhy thmic  
c l a r i f i c a t i o n  o f  no t e  sequences,  w e  may cons ider  j u s t  one s i m p l e  r u l e  f o r  
ghrasing t h e  no t e s  o f  a passage, whether r e g u l a r  o r  not:  



If  any m e t r i c a l  u n i t  is divided ( i n t o  2 o r  3), then  s l u r  toge the r  a l l  
t h e  sounded no tes  which belong t o  it except those which descend from i ts  
r ightmost  node. 

For  a  p a s s a g e  i n  which e v e r y  b a r  b e g i n s  w i t h  a  sounded n o t e ,  t h e  
e f f e c t  o f  t h i s  p h r a s i n g  r u l e  is t o  r e p l a c e  t h e  sounded n o t e  by v i r t u a l  
note which l a s t s  f o r  a t  l e a s t  ha l f  the  bar,  o r  two-thirds of  t h e  bar ,  i f  
t h e  m e t r e  is t e r n a r y  a t  t h e  h i g h e s t  l e v e l .  It i s  n o t  d i f f i c u l t  t o  s e e ,  
furthermore,  t h a t  the  r e s u l t i n g  sequence of v i r t u a l  no tes  w i l l  be r egu la r  
even i f  some of the  bars  of t h e  unphrased sequence were or . ig inal ly  synco- 
pa ted  : 

So i f  a  p a s s a g e  is phrased a c c o r d i n g  t o  t h e  r u l e  i n  q u e s t i o n ,  t h e n  t h e  
r e s u l t i n g  sequence w i l l  be amenable t o  the  pars ing  a lgor i thm of  Sect ion  
4, and i t  becomes possible f o r  t h e  l i s t e n e r  t o  e s t a b l i s h  i ts metre  on the  
b a s i s  o f  t h e  v i r t u a l  sequence ,  and t o  u s e  t h i s  metre (assuming  i t  d o e s  
n o t  change from b a r  t o  b a r )  f o r  p a r s i n g  t h e  i n d i v i d u a l  n o t e s  o f  each  
p h r a s e  and t h e r e b y  a r r i v i n g  a t  a  r h y t h m i c  i n t e r p r e t a t i o n  i n  which n o t  
necessa r i ly  a l l  of the  bars  are unsyncopated. 

To i l l u s t r a t e  t h e  u s e  o f  p h r a s i n g  f o r  r e v e a l i n g  t h e  r h y t h m i c  s t r u c -  
t u r e s  of even syncopated passages we may consider  a  f i n a l  p a i r  of  exam- 
p l e s  ( d e r i v e d  from t h e  open ing  o f  Bach's d  Minor K l a v i e r  Concer to ) .  The 

note values a r e  a s  shown i n  (31) 

and i f  t h e  passage  i s  s l u r r e d  a c c o r d i n g  t o  t h e  g i v e n  p h r a s i n g  r u l e ,  t h e  
r e s u l t  is  a s  shown i n  (32); t h e  corresponding v i r t u a l  sequence is  given 
i n  (33) ,  and l e a d s  t o  t h e  r h y t h m i c  i n t e r p r e t a t i o n  i n d i c a t e d  by ( 3 4 ) ,  
which is of course the  i n t e r p r e t a t i o n  t h a t  Bach intended. 



I f ,  howeve r ,  Bach's own b a r  l i n e s  are moved f o r w a r d  by  o n e  q u a v e r ,  t h e n  
t h e  a p p l i c a t i o n  o f  t h e  phras ing  r u l e  l e a d s  t o  t h e  s l u r r i n g  given i n  (35) ,  
c o r r e s p o n d i n g  t o  t h e  v i r t u a l  s e q u e n c e  ( 3 6 ) ;  a p p l y i n g  t h e  p a r s i n g  a l g o -  
r i thm t o  t h i s  sequence we o b t a i n  t h e  q u i t e  d i f f e r e n t  rhy thmic  i n t e r p r e t a -  
t i o n  i n d i c a t e d  i n  (37). 

- - - 

The r e a d e r  w i l l ,  p e r h a p s ,  a g r e e  t h a t  s u c h  a n  i n a p p r o p r i a t e  p h r a s i n g  o f  
t h e  passage i n  ques t i on  is l i a b l e  t o  q u i t e  mis lead  t h e  l i s t e n e r  a s  t o  its 
rhythmic s t r u c t u r e .  The phras ing  r u l e  which we have used f o r  i l l u s t r a t i o n  
i s  n o t ,  o f  c o u r s e ,  i n t e n d e d  a s  a n  i n f a l l i b l e  g u i d e  t o  m u s i c a l  p e r f o r -  
mance, b u t  m e r e l y  a n  i l l u s t r a t i o n  o f  o u r  t h e s i s  t h a t  p h r a s i n g  i s  n o t  
m e r e l y  a n  o r n a m e n t a l  d e v i c e ,  b u t  c a n  have  a  c r u c i a l  r o l e  t o  p l a y  i n  t h e  
e l u c i d a t i o n  of  rhythmic s t r u c t u r e .  

7. Conclusions 

i )  Any g i v e n  s e q u e n c e  o f  n o t e  v a l u e s  is i n  p r i n c i p l e  i n f i n i t e l y  a m b i -  
guous, bu t  t h i s  ambigui ty  is seldom apparen t  t o  t h e  l i s t e n e r .  

ii) It a p p e a r s  t h a t  i n  c h o o s i n g  a r h y t h m i c  i n t e r p r e t a t i o n  o f  s u c h  a 
sequence t h e  l i s t e n e r  is guided by a s t r o n g  assumption: t h a t  i f  t h e  
sequence can be i n t e r p r e t e d  a s  t h e  r e a l i s a t i o n  o f  a r e g u l a r  passage  
i n  t h e  sense  of  Sec t ion  4, t hen  t h a t  is how it is t o  be i n t e r p r e t e d .  

iii) The l i s t e n e r  may w e l l  group t h e  b a r s  of  t h i s  passage  i n t o  h ighe r -  
l e v e l  m e t r i c a l  u n i t s ,  f o r  reasons  o f  t h e  kind d i s c u s s e d  i n  S e c t i o n  5. 



i v )  Phras inghcan"make  a s  i m p o r t a n t  d i f f e r e n c e  t o  t h e  way i n  w h i c h  t h e  

l i s t e n e r  pe rce ives  t h e  rhythm o f  a sequence, and  even  syncopated se- 
q u e n c e s  wh ich  would o t h e r w i s e  be  d i f f i c u l t  t o  i n t e r p r e t  c a n  be  

rhy thmica l ly  c l a r i f i e d  by s l u r r i n g  t h e  n o t e s  a p p r o p r i a t e l y .  
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ANALYSIS SYNTHESIS MUSICAL RHYTHM 

Ingmar Bengtsson,  Depar tment  o f  Musi:ology, l lppsala  Unl . - r s i t y ,  and 
Alf G a b r i e l s s o n ,  Depar tment  o f  Psychology,  Uppsala U n i v e r s i t y .  

A b s t r a c t  

A f t e r  s t a t i n g  some b a s i c  p r e m i s e s  f o r  e m p i r i c a l  r h y t h m  r e s e a r c h ,  t h e  

p e r i ' o r m a n c e  o f  m u s i c a l  r h y t h m  1s d i s c u s s e d  w i t h  s p e c i a l  r e f e r e n c e  t o  
vari.ous d u r a t i o n  v a r i a b l e s  i n  t h e  performance.  S e v e r a l  e x a m p l e s  a r e  g i v e n  
from a n a l y s e s  o f  m u s i c  performances .  These are t a k e n  as s t a r t l n g  p o i n t s  
f o r  an i n t e r p l a y  between a n a l y s i s  and  s y n t h e s i s  i n  t h e  i n v e s t i g a t i o n  of 

m u s i c a l  r h y t h m .  T h i s  i s  i l l u s t r a t e d  by m e a n s  o f  e x a m p l e s  t a k e n  f r o m  
Mozart ,  t h e  Vienna w a l t z  and Swedish  t u n e s  (sound e x a m p l e s  are i n c l u d e d ) .  

I n t r o d u c t i o n  - 

A p r e s e n t a t i o n  o f  o u r  r e s e a r c h  on  m u s l c a l  r h y t n m  t h r o u g h  t n e  ln id  

1 9 7 0 : s  was  g i v e n  a t  a n  e a r l i e r  s e m i n a r  i n  S t o c k h o l m  ( B e n g t s s o n  & Gab- 
r i e l s s o n ,  1977). Here we w i l ~  o n l y  b r i e f l y  repeat some b a s i c  p r e m i s e s  o f  
t h i s  r e s e a r c h  and t h e n  proceed t o  demonstrations c o n c e r n i ~ g  a n a l y s i s  and  
syn t ,hes i s  o f  m u s i c a l  rhythm. 

A g e n e r a l  f r a m e  o f  r e f e r e n c e  f o r  t h i s  work i s  p r o v i d e d  by t h e  f o l l o -  
wing c h a i n  o f  e v e n t s :  

MUSIC PERFORMANCE -+ SOUND SEQUENCES .+ RHYTHM RESPGlVSE 
II * 

Feed-back 



Performance o f  music  on v a r i o u s  i n s t r u m e n t s  p r o d u c e  sound sequences ,  
which may e l i c i t  a  rhythm r e s p o n s e  i n  t h e  l i s t e n e r s  ( i n c l u d i n g  t h e  per-  
f o r m e r s  t h e m s e l v e s ) .  Thus ,  r h y t h m  is regarded  a s  a r e s p o n s e  t o  c e r t a i n  
k i n d s  o f  sound sequences.  T h i s  r e s p o n s e  i n c l u d e s  e x p e r i e n t i a l ,  b e h a v i o -  

ra l  and psycho-phys io log ica l  a s p e c t s  i n  complex i n t e r a c t i o n s .  We may t h u s  

t a l k  o f  r h y t h m  as  ( a )  e x p e r i e n c e  ( S w e d i s h :  I t u p p l e v e l s e " ) ,  ( b )  o v e r t  

b e h a v i o r ,  a n d  ( c )  a s  p s y c h o - p h y s i o l o g i c a l  r e s p o n s e ,  d e p e n d i n g  o n  t h e  

a c t u a l  purpose  and con tex t .  

Research on muscal  rhythm a d d r e s s e s  t h r e e  b a s i c  q u e s t i o n s :  

1. What d i s t i n g u i s h e s  rhythm from non-rhythm? 

2. What d i s t i n g u i s h e s  d i f f e r e n t  rhythms from e a c h  o t h e r ?  and 
3. How should  music  be performed i n  o r d e r  t o  e l i c i t  t h e  in tended-  

/ d e s i r e d  rhythm response?  

These q u e s t i o n s  were d i s c u s s e d  i n  our  paper  ment ioned  above,  and o n l y  
some c o m m e n t s  a r e  made h e r e  t o  p r o v i d e  a b a c k g r o u n d  f o r  t h e  f o l l o w i n g  
demons t ra t ions .  

A s  r e g a r d s  t h e  s e c o n d  q u e s t i o n ,  i t  was shown t h a t  r h y t h m s  d i f f e r  

e x p e r i e n t i a l l y  i n  v a r i o u s  s t r u c t u r a l  a s p e c t s  ( s u c h  a s  m e t e r ,  a c c e n t s ,  
degree  o f  complex i ty  e tc . ) ,  v a r i o u s  m o t i o n a l  a s p e c t s  ( such  as tempo and 

a n  a b u n d a n c e  o f  v a r i o u s  m o t i o n  c h a r a c t e r s  d e s c r i b e d  by e x p r e s s i o n s  a s  

p ing t1  e t c . ) ,  and  v a r i o u s  e m o t i o n a l  a s p e c t s  ( " v i t a l  v s .  d u l l 1 I ,  " e x c i t e d  
vs. calmtt  etc.) .  Usua l ly  t h e  s t r u c t u r a l  a s p e c t s  of r h y t h m s  a r e  d i s c u s s e d  
much more t h a n  t h e  m o t i o n a l  and e m o t i o n a l  a s p e c t s .  There  a r e  r e a s o n s  t o  
b e l i e v e ,  however,  t h a t  t h e  l a s t - m e n t i o n e d  a s p e c t s  are a t  least  as impor- 
t a n t  a s  t h e  s t r u c t u r a l  a s p e c t s ,  and should be g i v e n  more a t t e n t i o n  t h a n  
is  u s u a l l y  t h e  case .  

The e m p h a s i s  i n  t h i s  p a p e r  w i l l  b e  on t h e  t h i r d  q u e s t i o n ,  i. e .  c o n -  
c e r n i n g  t h e  p e r f o r m a n c e  o f  m u s i c a l  r h y t h m .  How d o  y o u  p l a y  i n  o r d e r  t o  

b r i n g  abou t  t h e  a d e q u a t e  rhythm response  i n  t h e  l i s t e n e r s ?  The s t i m u l i  

r e a c h i n g  t h e  l i s t e n e r s 1  e a r s  a r e  sound sequences  g e n e r a t e d  by t h e  p e r f o r -  
m e r ( ~ ) .  Depending on t h e  i n s t r u m e n t ( s )  i n  q u e s t i o n  t h e  p e r f o r m e r  is a b l e  

t o  m a n i p u l a t e  v a r i o u s  p r o p e r t i e s  o f  t h e  s o u n d  s e q u e n c e s :  d u r a t i o n s ,  
a m p l i t u d e s ,  f r e q u e n c i e s  ( l l p i t c h e s l l ) ,  s p e c t r a ,  o n s e t s ,  d e c a y s  e t c .  There 



a r e  many r ea sons  t o  be l i eve  t h a t  t h e  d u r a t i o n a l  c h a r a c t e r i s t i c s  of t h e  
sound sequences a r e  of primary importance f o r  t h e  rhythm response. I n  t h e  
p r e s e n t  a r t i c l e  we w i l l  t h e r e f o r e  c o n c e n t r a t e  on v a r i o u s  d u r a t i o n a l  
v a r i a b l e s .  T h i s  d o e s  n o t  mean t h a t  o t h e r  v a r i a b l e s  w i l l  be  n e g l e c t e d ,  
o n l y  t h a t  we make a  s i m p l i f i c a t i o n  t o  f a c i l i t a t e  t h e  a n a l y s i s  a t  t h e  

p re sen t  s t a g e  of  knowledge. 

D i f f e r e n t  concepts  of du ra t i on  

When d e a l i n g  wi th  sound sequences t h e r e  a r e  ( a t  l e a s t )  t h r e e  d u r a t i o n  
v a r i a b l e s  t o  be considered,  s e e  Fig. 1: 

I TONE l I l TONE 2 I 

- 7 1  LEGATO 

STACCATO 

PORTATO 

Fig .  1 .  Upper p a r t :  S c h e m a t i c a l  r e p r e s e n t a t i o n  o f  a  t w o  t o n e  s e q u e n c e  
i l l u s t r a t i n g  t h e  ~neaning of t h e  d u r a t i o n  v a r i a b l e s  D i i ,  Dio, and Doi, s e e  
t e x t .  

Lower p a r t :  Deviat ions from mechanical r e g u l a r i t y  a t  t h e  measure ( M )  
l e v e l  of  t h e  same tune. 



1. t h e  d u r a t i o n  from t h e  onse t  of  a  tone t o  t h e  onse t  of t h e  f o l l o -  

wing tone ,  l a b e l l e d  D i i  h e r e  (l lduration in - inn ) ,  
2. t h e  d u r a t i o n  f rom t h e  o n s e t  o f  a  t o n e  t o  t h e  end o f  t h e  same 

tone ,  Dio ("durat ion in-out") , and 
3. t h e  d u r a t i o n  from t h e  end of  a  tone  t o  tAe o n s e t  of  t h e  f o l l o w i n g  

tone ,  Doi ( f f d u r a t i o n  out- in1 ' ) .  

With regard  t o  rhythm, D i i  is, of course ,  of  fundamenta l  impor tance) ,  

and t h i s  i s  a l s o  g e n e r a l l y  acknowledged i n  rhythm re sea rch .  However, t h e  

p ropor t i on  o f  Dio and Doi, t h a t  is, o f  sound and non-sound w i t h i n  D i i ,  i s  

a l s o  a  c r u c i a l  f a c t o r .  T h i s  f a c t  h a s  n o t  been  much d i s c u s s e d  much i n  
prev ious  research .  I n  mus ica l  n o t a t i o n  such a s p e c t s  a r e  r e f l e c t e d  i n  t h e  

u s e  o f  a r t i c u l a t i o n  s i g n s  a s  l e g a t o ,  s t a c c a t o  a n d  p o r t a t o .  I n  e x t r e m e  
l e g a t o  Dio=Dii ( i n  f a c t  Dio may bd even longer  than  D i i ,  as when t h e  tone  
i s  n o t  r e l e a s e d  u n t i l  t h e  n e x t  t o n e  h a s  a c t u a l l y  begun)  and  Doi=O. I n  
s t a c c a t o  Dio i s  l 'shortl1 and Doi " longf ' ,  and p o r t a t o  i s  a  k i n d  o f  midway 
p o s i t i o n  between l e g a t o  and s t a c c a t o  ( s ee  Fig. 1). 

It should be r e a l i z e d ,  however, t h a t  t h e s e  t h r e e  t y p e s  of a r t i c u l a t i o n  
r e p r e s e n t  c a t e g o r i e s ,  w i t h i n  which  t h e r e  i s  a w i d e  r a n g e  o f  v a r i a t i o n .  
There a r e  d i f f e r e n t  "degrees1' of l e g a t o  a s  w e l l  a s  o f  s t a c c a t o  and po r t a -  
t o ,  and t h e r e  a r e  no w e l l - d e f i n e d  l i m i t s  b e t w e e n  t h e  c a t e g o r i e s .  The - 
proper use of  t he se  a r t i c u l a t i o n  p o s s i b i l i t i e s  is  o f  extreme impor tance  

i n  music performance and is  probably one of  t h e  most impor t an t  ways of 
a f f e c t i n g  t h e  e x p e r i e n c e d  m o t i o n  c h a r a c t e r  o f  t h e  rhy thm i n  q u e s t i o n .  

Some examples of  t h i s  a r e  g iven  below. 

The SYVARD Hypothesis 

With r e g a r d  t o  D i i  a  b a s i c  h y p o t h e s i s  i s  t h a t  l i v e  p e r f o r m a n c e  o f  
musical  rhythm is usua l ly  c h a r a c t e r i s e d  by c e r t a i n  s y s t e m a t i c  v a r i a t i o n s  

(SYVARD) a s  regards  t h e  d u r a t i o n  of t h e  sound e v e n t s  (SE) i n  r e l a t i o n  t o  
s t r i c t  mechanical r e g u l a r i t y .  Rhythm performance may then  be desc r ibed  i n  
te rms  o f  such d e v i a t i o n s  from mechanical r e g u l a r i t y .  The d e v i a t i o n s  may 
occur a t  d i f f e r e n t  l e v e l s :  a t  t h e  SE l e v e l  ( t h a t  is, f o r  s i n g l e  t ones  o r  
g r o u p s  o f  t o n e s  w i t h i n  a  b e a t ) ,  a t  t h e  B ( b e a t )  l e v e l ,  t h e  M ( m e a s u r e )  



l e v e l  e t c .  F u r t h e r  t h e  d e v i a t i o n s  a r e  d i f f e r e n t  f o r  d i f f e r e n t  t y p e s  o f  
music  and may be d i f f e r e n t  f o r  d i f f e r e n t  pe r fo rmers .  

Some examples  o f  SYVARD i n  Vienna w a l t z e s  and i n  Swedish  f o l k  m u s i c  

w e r e  g i v e n  i n  o u r  1977 p a p e r .  S i n c e  t h e n ,  a much b i g g e r  m a t e r i a l  o f  
monophonic  p e r f o r m a n c e s  h a s  b e e n  a n a l y s e d  a s  d e s c r i b e d  i n  B e n g t s s o n  & 

G a b r i e l s s o n  (1980) and G a b r i e l s s o n ,  Bengtsson & G a b r i e l s s o n  (1983). D i f -  

f e r e n t  t y p e s  of  SYVARD a r e  f o u n d  i n  a l l  a n a l y s e d  c a s e s .  Only  a f e w  

g l i m p s e s  o f  t h e  r e s u l t s  can  be  g i v e n  h e r e ;  f o r  more d e t a i l e d  a c c o u n t s  t h e  
r e a d e r  is  r e f e r r e d  t o  t h e  above-mentioned papers .  

A s i m p l e  a n d  i n s t r u c t i v e  e x a m p l e  i s  p r o v i d e d  i n  -- F i g .  2  r e f e r r i n g  t o  
pe r fo rmances  o f  t h e  Swedish  t u n e  " S o r g e l i g a  s a k e r  handa". The n o t a t i o n  o f  
t h e  t u n e  i s  shown i n  t h e  f i g u r e .  The m a j o r i t y  o f  t h e  a v a i l a b l e  performan-  

c e s  (38 i n  a l l )  conformed t o  t h e  SYVARD p a t t e r n  shown i n  Fig .  2. Mechani- 
c a l  r e g u l a r i t y  i s  r e p r e s e n t e d  by t h e  s t r a i g h t  h o r i z o n t a l  l i n e  marked 0  i n  
t h e  f i g u r e .  The d e v i a t i o n s  from t h i s  mechan ica l  r e g u l a r i t y  f o r  t h e  d i f f e -  
r e n t  t o n e s  i n  t h e  m e l o d y  a r e  i n d i c a t e d  by t h e  f i l l e d  c i r c l e s ;  t h e s e  

c i r c l e s  a r e  connected by a  s o l i d  l i n e ,  which may be c a l l e d  t h e  " p e r f o r -  

mance p r o f i l e u  f o r  t h i s  melody.  It c a n  b e  s e e n  t h a t  a l l  f i l l e d  c i r c l e s  
r e f e r r i n g  t o  h a l f - n o t e s  have n e g a t i v e  d e v i a t i o n s ,  i. e., t h e  h a l f - n o t e s  
a r e  performed s h o r t e r  t h a n  i n  a c o m p l e t e l y  mechan ica l  performance.  For  

t h e  q u a r t e r - n o t e s  t h e  s i t u a t i o n  i s  t h e  o p p o s i t e :  t h e y  s h o w  p o s i t i v e  
d e v i a t i o n s ,  i. e. ,  t h e y  a r e  l e n g t h e n e d  as  c o m p a r e d  w i t h  a m e c h a n i c a l  

p e r f o r m a n c e .  The c o n s e q u e n c e  i s  t h a t  t h e r e  i s  n o  2:1 r a t i o  b e t w e e n  t h e  
h a l f - n o t e  and t h e  q u a r t e r - n o t e  w i t h i n  e a c h  measure;  t h e  rat10 is  r a t h e r  

a b o u t  1.75:l b u t  v a r i e s  b e t w e e n  m e a s u r e s .  F u r t h e r  i t  i s  s e e n  t h a t  t h e  
d o t t e d  h a l f - n o t e  i n  measure no. 8  (M8) is l e n g t h e n e d  c o n s i d e r a b l y ,  t h u s  
s i g n a l l i n g  t h e  end o f  t h e  f i r s t  h a l f - p e r i o d .  

The d e v i a t i o n s  a t  t h e  M l e v e l  f o r  m o s t  p e r f o r m a n c e s  a r e  s e e n  i n  t h e  
l o w e r  p a r t  o f  F i g .  2 ( o n e  f i l l e d  c i r c l e  f o r  e a c h  o f  15 m e a s u r e s ;  t h e  
f i n a l  measure  is  o m i t t e d  because  o f  measurement d i f f i c u l t i e s ) .  The p e r -  

formance p r o f i l e  shows a  "slow s t a r t "  ( p o s i t i v e  d e v i a t i o n s  f o r  M1-M2), a 
marked l e n g t h e n i n g  i n  M8 a s  ment ioned above,  and a r e t a r d a t i o n  t o w a r d s  

t h e  end i n  M14-M15, w h i l e  t h e  r e m a i n i n g  p a r t s  o f  t h e  melody a r e  pe r fo rmed  
more r a p i d l y  ( n e g a t i v e  d e v i a t i o n s ) .  



Fig. 2. Upper p a r t :  Devia t ions  from mechanical r e g u l a r i t y  i n  t h e  pe r fo r -  
mance o f  t h e  tune  "Sorgel iga s a k e r  h&ndav. The d e v i a t i o n s  are expressed  
i n  thousands o f  t h e  t o t a l  d u r a t i o n  of t h e  tune. 

Lower p a r t :  D e v i a t i o n s  f rom m e c h a n i c a l  r e g u l a r i t y  a t  t h e  m e a s u r e  
l e v e l  ( M )  of t h e  same tune. 



F i g .  3. D e v i a t i o n s  f r o m  m e c h a n i c a l  r e g u l a r i t y  a t  t h e  S E  l e v e l  ( s o l i d  
l i n e )  a n d  a t  t h e  M l e v e l  ( d o t t e d  l i n e )  i n  a  p e r f o r m a n c e  o f  t h e  t u n e  
"Dansen g 2 r  p i  S v i n n s t a  ska rn .  The d e v i a t i o n s  a r e  e x p r e s s e d  i n  t h o u s a n d s  
o f  t h e  t o t a l  d u r a t i o n  o f  t h e  t u n e .  

A r e l a t e d  e x a m p l e  i s  g i v e n  i n  F i g .  3. I n  t h i s  m e l o d y ,  "Dansen  g 2 r  p2 
S v i n n s t a  skar" ,  many measures  a r e  composed o f  h a l f  - n o t e  + q u a r t e r - n o t e ,  
j u s t  a s  i n  t h e  p r e v i o u s  melody. The performance p r o f i l e  f o r  t h e s e  mea- 

s u r e s  (M3-M6 and M l l -M 14)  shows t h e  same "zig-zagu p r o f i l e  as i n  Fig. 2 ,  
i. e., t h e  h a l f - n o t e s  a r e  s h o r t e n e d  and t h e  q u a r t e r - n o t e s  are l e n g t h e n e d  
a s  compared w i t h  mechan ica l  r e g u l a r i t y .  There is a marked l e n g t h e n i n g  o f  
t h e  d o t t e d  h a l f - n o t e  a t  t h e  end  o f  t h e  f i r s t  h a l f - p e r i o d  (M8) a n d  a 

r e t a r d a t i o n  t o w a r d s  t h e  end .  The p e r f o r m a n c e  p r o f i l e  a t  t h e  M l e v e l  i s  

shown by t h e  d o t t e d  l i n e .  

However ,  e v e n  f o r  t h e  s i m p l e  m e l o d i e s  i n  F i g s .  2 -3  t h e r e  w e r e  many 

i n d i v i d u a l l y  d i f f e r e n t  ways o f  p e r f o r m i n g  them. The c o r r e l a t i o n s  be tween  
a l l  performances  of a  g i v e n  melody were  t h e r e f o r e  s u b j e c t e d  t o  s o - c a l i e d  
f a c t o r  a n a l y s i s  s o  a s  t o  map d i f f e r e n t  t y p e s  o f  pe r fo rmances .  There  are, 
i n  f a c t ,  t w o  m o r e  p r o f i l e s  f o r  t h e  m e l o d y  i n  F i g .  2 a n d  t h r e e  m o r e  f o r  
t h a t  i n  F i g .  3, w h i c h  s h o u l d  be  shown i n  o r d e r  t o  a t t a i n  s o m e  d e g r e e  o f  



completeness.  These a r e  presen ted  i n  t h e  above-mentioned papers ,  t o g e t h e r  
w i t h  t h e  r e s u l t s  from 1 5  o t h e r  melodies.  Most of  t h e s e  a r e  more complex 
than  t h e  melodies  mentioned h e r e ,  and t h e  SYVARD p a t t e r n s  are sometimes 
q u i t e  i n t r i c a t e .  

Timing i n  music is  an ex t remely  complex phenomenon, and a l t hough  w e  
know i t s  i m p o r t a n c e  f rom g e n e r a l  m u s i c a l  e x p e r i e n c e ,  i t  is  n o t  u n t i l  

r e c e n t l y  t h a t  w e  have been a b l e  t o  s tudy  i t  i n  a  t r u l y  e m p i r i c a l  way. 

I n t e r p l a y  between a n a l y s i s  and s y n t h e s i s  

It is  n o t  enough t o  d e s c r i b e  performance of mus i ca l  rhythm i n  terms of  
SYVARD o r  o t h e r  t ypes  of  phys i ca l  va r i ab l e s .  We have t o  r e l a t e  t h e  chara-  
c t e r i s t i c s  of t h e  performance t o  t h e  exper ience  of  t h e  mus ica l  rhythm. To 
do t h i s ,  i d e a l l y  we should have good measurements both of v a r i o u s  pe r fo r -  
mance v a r i a b l e s  ( d u r a t i o n  v a r i a b l e s  a s  w e l l  a s  o t h e r  v a r i a b l e s )  and  of  
v a r i a b l e s  c o n c e r n e d  w i t h  t h e  e x p e r i e n c e  o f  rhu thm.  Today, h o w e v e r ,  we 

s t i l l  have  o n l y  r a t h e r  c r u d e  and a p p r o x i m a t e  m e a s u r e s  i n  b o t h  o f  t h e s e  

r e s p e c t s .  

One way of  a p p r o a c h i n g  t h e s e  p r o b l e m s  i s  by means  o f  a n  i n t e r p l a y  

between a n a l y s i s  and syn thes i s .  We s t a r t  by a n a l y s i n g  l i v e  per formances  
of  mus ica l  rhythm. The d a t a  r e s u l t i n g  from such a n a l y s e s  can p rov ide  u s  
w i t h  hypotheses about which f e a t u r e s  of  t h e  performance may be o f  s p e c i a l  

importance t o  t h e  l i s t e n e r s '  impress ion  of  rhythm. We can then t r y  t o  use 

d i f f e r e n t  performances of  t h e  same p i ece  of  music and s tudy  t h e  l i s t e -  
ners '  responses  and judgments of t h e s e  d i f f e r e n t  performances.  Usual ly ,  

however, any two (o r  more) r e a l  performances of  t h e  same p i e c e  d i f f e r  n o t  

o n l y  i n  one  c h a r a c t e r i s t i c  ( s a y ,  a  k i n d  o f  SYVARD) b u t  d i f f e r  i n  o t n e r  
c h a r a c t e r i s t i c s  a s  w e l l  ( s u c h  a s  t empo ,  a m p l i t u d e  e n v e l o p e s ,  s p e c t r a  
etc.) .  Consequently, you cannot draw any s a f e  conc lus ions  r e g a r d i n g  t h e  

e f f e c t s  of each s e p a r a t e  va r i ab l e .  

The p o s s i b i l i t i e s  can be improved i f  a  performance of  t h e  p i e c e  can be 
s y n t h e s i z e d ,  e.  g. by e l e c t r o n i c  means. T h a t  i s ,  a s y n t h e s i z e r  i s  u s e d  



f 'o r  o b t a i n i n g  a d e q u a t e  c o n t r o l  o v e r  a l l  r e l e v a n t  v a r i a b l e s .  S p e c i f i c  
v a r i a b l e s  c a n  be s e l e c t e d  ( f o r  i n s t a n c e ,  a  c e r t a i n  S Y V A R D  p a t t e r n )  and  
v a r i e d  s y s t e m a t i c a l l y  i n  s y n t h e s i s e d  e x a m p l e s ,  w h i c h  a r e  p r e s e n t e d  t o  
l i s t e n e r s  f o r  judgment. Then one can proceed t o  ano the r  v a r i a b l e ,  and  s o  
on. Depending on t h e  amount of v a r i a b l e s  t h i s  may be a very  b ig  unde r t a -  
king.  

The p l a n n i n g  and c a l c u l a t i o n s  r e q u i r e d  f o r  t h e  g e n e r a t i o n  o f  t h e  

s y n t h e s e s  a r e  i n  t h e m s e l v e s  v e r y  i n s t r u c t i v e .  O f t e n  o n e  f i n d s  t h a t  t h e  
synthes i sed  ve r s ion  does no t  a t  a l l  meet your expec t a t i ons .  These proce-  
du re s  can only  be h in t ed  a t  he re  by means of  some demons t r a t i ons ,  which 
a r e  included i n  t h e  sound examples i n  t h i s  volume. 

Mozart's Piano Sonata  i n  A major 
--p 

The f i r s t  example  r e f e r s  t o  t h e  v a r i a t i o n  t heme  o f  M o z a r t ' s  P i a n o  -- 
S o n a t a  i n  A m a j o r  ( K .  331).  The n o t a t i o n  a p p e a r s  i n  t h e  u p p e r  p a r t  o f  

--p 

Fig .  4. 

By means of  f a c t o r  a n a l y s i s  on t h e  c o r r e l a t i o n s  between some 25 per-  

formances by f i v e  musicians,  t h e  two most common performance p r o f i l e s  
were found t o  be a s  is  shown i n  t h e  lower  p a r t  of  Fig. 4 ( D i i  va lues) .  I n  

t h e  first p r o f i l e  ( c a l l e d  F I) we no te  a  kind of  V-shaped p r o f i l e  f o r  t h e  
p a t t e r n  appearing i n  t h e  beginning of M 1  and M5, meaning t n a t  t h e  

i n i t i a l  d o t t e d  e i g h t h - n o t e  a s  w e l l  a s  t h e  f i n a l  e i g h t h - n o t e  o f  t h i s  
p a t t e r n  a r e  both lengthened ( p o s i t i v e  d e v i a t i o n s )  a t  t h e  expense o f  t h e  
s i x t e e n t h - n o t e  i n  t h e  m i d d l e .  Fo r  t h e  s e q u e n c e  42 , which  a p p e a r s  
once o r  tw ice  i n  each measure, we s e e  a  zig-zag p r o f i l e  s i m i l a r  t o  t h a t  
s e e n  i n  F i g : s  2 and 3. Here i t  means t h a t  t h e  q u a r t e r - n o t e  i s  s h o r t e n e d  
and t h e  eighth-note  is lengthened i n  r e l a t i o n  t o  a  mechanical  performance 
( t h e  average propor t ion  q u a r t e r - n o t e / e i g h t h - n o t e  was a b o u t  1.7: 1 ,  w h i l e  
t h e  m e c h a n i c a l  would have  been 2 : l ) .  F u r t h e r  t h e r e  i s  a  r e t a r d a t i o n  a t  
t h e  end o f  t h e  f i r s t  h a l f - p e r i o d  ( i n  M4) a s  w e l l  a s  t o w a r d s  t h e  e n d  o f  



Fig.  4. Upper p a r t :  N o t a t i o n  o f  t h e  theme i n  M o z a r t f s  P i a n o  S o n a t a  i n  A 
major . 

Lower pa r t :  Deviat ions from mechanical r e g u l a r i t y  i n  two d i f f e r e n t  
types  of performance of t h i s  theme, s e e  t e x t .  



t h e  t h e m e .  I n  t h e  s e c o n d  p r o f i l e  ( F I I )  t h e r e  a r e  a l s o  t e n d e n c i e s  t o  V- 

and  z i g - z a g  p r o f i l e s  b u t  n o t  a s  c o n s i s t e n t  as  i n  F I ,  a n d  t h e r e  is  n o  
r e t a r d a t i o n  t o w a r d s  t h e  end.  T h e r e  a re  "peaks1? f o r  t h e  l a s t  n o t e  i n  M2, 

M4, and M6, which i n d i c a t e  a p h r a s i n g  i n  groups  o f  two m e a s u r e s ;  i n  fac t ,  
t h e s e  "peaksl1 i n c l u d e  a  s h o r t  b r e a t h i n g  r e s t  b e f o r e  s t a r t i n g  t h e  n e x t  
p h r a s e  ( t h e s e  were a c t u a l l y  performed on t h e  f l u t e ) .  

Sound Example  - 1 p r e s e n t s  t h r e e  s y n t h e s i s e d  v e r s i o n s .  The f i r s t  i s  
t r u l y  mechanical .  The second f o l l o w s  t h e  F I p r o f i l e  f o r  D i i  v a l u e s  shown 
i n  F i g .  4. The a r t i c u l a t i o n  i s  l e g a t o  ( D i o = D i i )  e x c e p t  f o r  t h e  q u a r t e r -  

n o t e s  i n  t h e  A$ p a t t e r n  i n  M1-M3 and M5-M6; f o r  t h e s e  q u a r t e r - n o t e s  

t h e r e  i s  s l i g h t  "non-legato", s o  t h a t  Dio is  about  90 % o f  t h e  D i i  v a l u e s  

i n  t h e  m e l o d y  p a r t ,  95 % i n  t h e  l o w e r  p a r t s .  T h i s  a l s o  a p p l i e s  t o  t h e  
l a s t  c h o r d  i n  M4 (i. e.  t h e  end o f  t h e  f i r s t  h a l f - p e r i o d ) .  T h e s e  D i o  

v a l u e s  approx imate  t h o s e  found i n  t h e  a c t u a l  p e r f o r m a n c e s  a c c o r d i n g  t o  F 
I. The t h i r d  v e r s i o n  r e f l e c t s  t h e  F I1 p r o f i l e  f o r  D i i  v a l u e s  i n  F i g .  4. 
The a r t i c u l a t i o n  is  l e g a t o  excep t  f o r  t h e  las t  t o n e  i n  M2, M4 and M6, i n  
w h i c h  t h e  Dio v a l u e  i s  a b o u t  75 % o f  t h e  D i i  v a l u e ,  r e f l e c t i n g  t h e  

b r e a t h i n g  r e s t s  mentioned above. Th is  v e r s i o n  is  monophonic. 

It is  a d v i c e a b l e  t o  l i s t e n  t o  t h e s e  examples s e v e r a l  t i m e s  i n  s u c c e s -  
s i o n  a n d  a t  t h e  s a m e  t i m e  t o  l o o k  a t  t h e  F I a n d  F I1 p r o f i l e s  i n  F i g .  4. 
(The " p r o f i l e v 1  f o r  t h e  m e c h a n i c a l  v e r s i o n  would  s i m p l y  b e  a  s t r a i g h t  
l ine . )  Much cou ld  be added and e l a b o r a t e d  concern ing  v a r i o u s  d e t a i l s ,  b u t  
t h e s e  examples  may be s u f f i c i e n t  t o  g i v e  a  f i r s t  i d e a  o f  t h e  e f f e c t s  o f  

v a r y i n g  o n l y  D i i  v a l u e s  (and t o  some e x t e n t  Dio v a l u e s ) ,  h o l d i n g  e v e r y -  
t h i n g  e l s e  c o n s t a n t .  

There a r e ,  of c o u r s e ,  o t h e r  ways o f  pe r fo rming  t h i s  theme t n a n  t h o s e  

g iven  here .  We w i l l  r e p o r t  on t h a t  e l sewhere .  A s  some a n e c d o t a l  e v i d e n c e  
we may ment ion t h a t  t h e  American p i a n i s t  Lor in  H o l l a n d e r  performed t h i s  

theme upon our  S y n c l a v i e r  I1 keyboard w i t h  some d i f f e r e n t  m u s i c a l  i n t e n -  
t i o n s .  H i s  d i f f e r e n t  performances  a l l  showed c h a r a c t e r i s t i c  SYVAHD p a t -  
t e r n s ,  p a r t l y  s i m i l a r  t o  t h o s e  d e s c r i b e d  above,  p a r t l y  d i f f e r e n t .  When we 

f i n a l l y  a s k e d  h im t o  p l a y  as  m e c h a n i c a l l y  as p o s s i b l e ,  t h e  r e s u l t  w a s  
t h a t  h i s  SYVARD d i m i n i s h e d  - but  i t  was s t i l l  t h e r e !  



The next  example is t h e  well-known Swedish t une  "VArvindar f r i ska l l  a s  
n o t a t e d  i n  F ig .  5. T h i s  melody  c o m p r i s e s  f o u r  p h r a s e s  o f  4M ( f o u r  mea- 
s u r e s )  each. Three of t h e s e  phrases  a r e  a lmos t  i d e n t i c a l  (MI-M4, M5-Mb, 
and M13-M16), whi le  one is  d i f f e r e n t  ( t h e  t h i r d  ph ra se ,  M9-M12). 

F ig .  5 .  Notat ion of t h e  tune  "VArvindar f r i s k a n .  

A t o t a l  o f  15 p e r f o r m a n c e s  o f  t h i s  melody were a n a l y s e d ,  and  many 
d i f f e r e n t  SYVARD p a t t e r n s  were  found  a t  d i f f e r e n t  l e v e l s ,  f r o m  t h e  S E  

l e v e l  t o  t h e  p h r a s e  l e v e l  ( s e e  G a b r i e l s s o n ,  B e n g t s s o n  & G a b r i e l s s o n ,  
1983). we use t he se  r e s u l t s  t o  gene ra t e  a  s e r i e s  o f  syn theses .  The s e r i e s  
s t a ~ t s  w i th  a  comple te ly  mechanical performance. Then v a r i o u s  modif ica-  
t i o n s  a r e  added succes s ive ly  beginning a t  t h e  S6 l e v e l ,  proceeding t o  t n e  

B l e v e l ,  t h e  M l e v e l  and t h e  phrase l e v e l .  F u r t h e r  t h e r e  a r e  examples of 
d i f f e r e n t  a r t i c u l a t i o n s .  The process  i s  llcumulativell ,  t h a t  is ,  t n e  spec i -  
f i c  f e a t u r e s  o f  e a c h  new s y n t h e s i s  a r e  added  t o  t h o s e  o f  t h e  e a r l i e r  
syn theses .  

A l l  e x a m p l e s  a p p e a r  i n  sound Example 2. To s a v e  t ime,  o n l y  some o f  - 
them conta in  a l l  16M o f  t h e  melody, t h e  o t h e r s  a r e  reduced t o  M1-M8 ( s e e  
below) . 



The s y n t h e s e s  a p p e a r  i n  t h e  f o l l o w i n g  o r d e r :  

2a. Mechanical  performance.  Tempo M M  = 11 1. Legato. A l l  16M. - 
- 

2b. The m e c h a n i c a l  r a t i o  o f  3:l  b e t w e e n  t h e  t w o  SE:s i n  t h e  JaJ 

p a t t e r n ,  which m o s t l y  a p p e a r s  t w i c e  i n  each  measure ,  i s  m o d i f i e d  t o  2:1, 

which would i n  f a c t  co r respond  t o  a  n o t a t i o n  l i k e  4 2 .  When compar ing  

t h i s  example w i t h  t h e  mechan ica l  v e r s i o n  i n  2a ,  o n e G e s  a c o n s i d e r a b l e  

d i f ' e r e n c e  i n  t h e  p e r c e i v e d  m o t i o n a l  c h a r a c t e r .  The r e a s o n  f o r  t h i s  

m o d ~ f i c a t i o n  is t h a t  t h e  a v e r a g e  p r o p o r t i o n  between t h e  t w o  SE:s i n  t h e  

n o i a t e d  p a t t e r n  was i n  f a c t  a r o u n d  2 : l  i n  m o s t  o f  t h e  a n a l y s e d  

performances. - The example c o n t a i n s  M1-M8 only.  

2c.  The p a t t e r n  i s  m o d i f i e d  s t i l l  m o r e ,  b e i n g  2.1 1  : l  o n  t h e  

seco l id  b e a t  a n d  1.95:l o n  t h e  t h i r d  b e a t  o f  e a c h  m e a s u r e ,  i n  w h i c h  i t  
a p p e a r s .  T h e s e  v a l u e s  a p p r o x i m a t e  t h o s e  f o u n d  i n  t h e  p e r f o r m a n c e s .  T h e  

p a t t e r n  is  t h u s  performed d i f f e r e n t l y  on d i f f e r e n t  b e a t s ,  somewhat " so f -  
t e r "  02 B3 t h a n  on B2. Can you h e a r  a  d i f f e r e n c e  between t n e  examples  2b 

and 2c? - The example c o n t a i n s  M1-M8 only .  

2d. S ~ i l l  a n o t h e r  m o d i f i c a t i o n  o f  t h e  JJ, p a t t e r n  i s  made t o  make i t  
dependent  n o t  o n l y  on i t s  p o s i t i o n  on d i f f e r e n t  b e a t s  ( a s  i n  2c) b u t  a l s o  

on i t s  p o s i t i o n  i n  d i f f e r e n t  measures  w i t h i n  each  4M p h r a s e  a c c o r d i n g  t o  

t h e  f o l l o w i n g  p r o p o r t i o n  v a l u e s :  

M 1 2.30: 1  

M2 2.21: 1  
Phrase  M 3 1.95: 1 

M4 1.79: 1 

These p r o p o r t i o n s  approx imate  t h e  a v e r a g e s  i n  t h e  c o r r e s p o n d i n g  m e a s u r e s  
a n d  b e a t s  o f  t h e  a n a l y s e d  p e r f o r m a n c e s .  The p a t t e r n  i s  t h u s  p e r f o r m e d  



p r o g r e s s i v e l y  I t s o f t e r "  d u r i n g  t h e  c o u r s e  o f  t h e  p h r a s e .  - The example  
c o n t a i n s  M 1  -M8 only. 

2e. The d u r a t i o n  of t h e  t h r e e  b e a t s  w i t h i n  t h e  measure i s  modif ied.  I n  - 
a l l  e a r l i e r  e x a m p l e s  e a c h  b e a t  o c c u p i e d  33.3 % o f  t h e  d u r a t i o n  o f  t h e  

measure (=mechanical  p r inc ip l e ) .  I n  t h e  p re sen t  example, B1 occup ie s  3.2.1 

%, B2 34.6 % and  B3 33.3 %. T h i s  i s  a n  example  o f  a n  s h o r t - l o n g - i n t e r m e -  
d i a t e  (SLI )  p a t t e r n  o f  b e a t s  w i t h i n  t h e  measu re .  T h i s  h o l d s  f o r  a l l  
m e a s u r e s  e x c e p t  t h o s e  t e r m i n a t i n g  p h r a s e s  (M4, M8, M12), i n  wh ich  B1 
o c c u p i e s  28.4 %, B2 33.3 % and B3 38.2 46 - t h u s  a S I L  p a t t e r n .  

It was appa ren t  i n  t h e  performances analysed t h a t  B2 was expanded a t  
t h e  e x p e n s e  of B1. However,  i n  t h e  measu re  wh ich  t e r m i n a t e s  a p h r a s e  

t h e r e  was a  s u c c e s s i v e  r e t a r d a t i o n ,  s o  t h a t  B3 was t h e  l o n g e s t  b e a t .  
(Actua l ly  t h i s  r e t a r d a t i o n  must be considered i n  r e l a t i o n  t o  t h e  conside-  

r a b l e  e x p a n s i o n  o f  e n t i r e  measu re  t e r m i n a t i n g  t h e  p h r a s e ,  a s  i n  t h e  
fo l l owing  s y n t h e s i s ,  2f. I n  t h e  p re sen t  s y n t h e s i s ,  however, a l l  measures 
a r e  s t i l l  e q u a l l y  l o n g ,  and t h e r e f o r e  t h e  SIL p a t t e r n  i n  t h e  p h r a s e -  
t e r m i n a t i n g  m e a s u r e s  i s  n o t  p e r c e i v e d  a s  a  r e t a r d a t i o n  b u t  r a t h e r  a s  a  
llrushm t o  B3.) - The example c o n t a i n s  M1-M8 only. 

2f.  The d u r a t i o n  of t h e  four  measures w i t h i n  each ph ra se  is  modified. I n  
a l l  e a r l i e r  examples a l l  measures were equa l ly  long. I n  t h i s  example t h e  
d u r a t i o n  o f  t h e  f o u r  m e a s u r e s  w i t h i n  e a c h  p h r a s e  gene ra1 l . y  f o l l o w s  a n  

LSSL (Long-Short-Short-Long)  p a t t e r n ,  t h a t  i s ,  M1 and  M4 w i t h i n  e a c h  
p h r a s e  a r e  l o n g e r  t h a n  M2 and M3. T h i s  p a t t e r n  was a p p a r e n t  i n  t h e  

analysed performances,  e s p e c i a l l y  t h e  lengthening  o f  M4 i n  each  phrase.  
Expressed i n  per  cen t  of  t h e  phrase du ra t i on ,  t h e  mechanical  c a s e  would 
be  25 % f o r  a l l  o f  t h e  M : s .  I n  t h e  p r e s e n t  e x a m p l e ,  M1 o c c u p i e s  24-25 %, 
M2 23 %, M3 23-24 %, and M4 28-29 5, wi th  some v a r i a t i o n  between phrases .  
The pro longat ion  of M4 i s  most pronounced i n  t h e  t h i r d  phrase ,  which is  
e a s i l y  heard i n  t h i s  syn thes i s .  Fu r the r  t h e  Dio v a l u e  o f  t h e  last  tone  i n  

M4, M8 and M12 is s e t  t o  66-80 % of  t h e  corresponding D i i  v a lue  t o  make a  
s h o r t  break between t h e  phrases.  - The example i n c l u d e s  a l l  16 M : s .  

The remaining t h r e e  syn thes i s ed  examples i l l u s t r a t e  v a r i o u s  a r t i c u l a -  
t i o n  p o s s i b i l i t i e s  which  were  found  i n  t h e  p e r f o r m a n c e s  and  w h i c h  a re  
somewhat exaggerated he re  i n  o r d e r  t o  demons t ra te  how t h e  v a r i a t i o n  of 



Dio a f f e c t s  t h e  p e r c e i v e d  mot ion c h a r a c t e r .  U n t i l  now Dio  h a s  been e q u a l  

t o  D i i ,  t h a t  is, l e g a t o  (excep t  a t  t h e  p h r a s e  end ings  i n  2f) .  Examples 2g 
- 2 i  a r e  a l l  b a s e d  upon 2 f  b u t  a r e  n o t  c u m u l a t i v e  a s  t h e  p r e v i o u s  e x a m -  

p l e s .  Thus 2g e q u a l s  2 f  w i t h  t h e  a d d i t i o n  o f  a c e r t a i n  a r t i c u l a t i o n  i n  B1 

of each  measure ,  2h e q u a l s  2 f  w i t h  t h e  a d d i t i o n  of a n o t h e r  a r t i c u l a t i o n  

i n  B2 o f  e a c h  m e a s u r e ,  a n d  2 i  e q u a l s  2 f  w i t h  t h e  a d d i t i o n  o f  a n o t h e r  
a r t i c u l a t i o n  i n  B2 a n d  B 3  o f  e a c h  m e a s u r e .  The d i f f e r e n c e s  i n  m o t i o n a l  

c h a r a c t e r  as compared w i t h  a l l  e a r l i e r  examples ,  as w e l l  as between 2g - 
2 i  t h e m s e l v e s ,  a r e  e a s i l y  no t i ced .  

2g. D i o  o f  t h e  q u a r t e r - n o t e  i n  B1 i s  s e t  t o  50 % o f  D i i ,  f o r  a l l  o t h e r  - 
t o n e s  Dio = D i i  as e a r l i e r ,  t h a t  i s  

Dio: 50 100 100 100 100 % ( o n l y  M1-M8) 

2h. Dio o f  t h e  d o t t e d  e i g h t h - n o t e  i n  B 2  i s  s e t  t o  40 % o f  D i i ,  t h a t  i s  
.. 

Dio: 100 40 100 100 100 '$ ( o n l y  M1-M8) 

2 i .  D i o  o f  t h e  d o t t e d  e i g h t h - n o t e  i n  B2 i s  s e t  t o  40 % ( a s  i n  2 h )  a n d  
Dio o f  t h e  d o t t e d  e i g h t h - n o t e  i n  B3 i s  set t o  60 S ,  t h a t  is 

Dio: 100 40 100 60 100 P (Al l  16M) 

We have made e i g h t  m o d i f i c a t i o n s  s i n c e  we s t a r t e d  u s i n g  t h e  m e c h a n i c a l  
performance.  The m o d i f i c a t i o n s  have been based upon e m p i r i c a l  d a t a  f r o m  

a n a l y s e s  o f  pe r fo rmances ,  and i t  is i n s t r u c t i v e  t o  l i s t e n  t o  t h e  v a r i o u s  

examples  i n  o r d e r  t o  l e a r n  abou t  t h e  p e r c e p t u a l  e f f e c t s  o f  v a r i o u s  mani-  

p u l a t i o n s .  However, t h e  p r e s e n t  d e s c r i p t i o n  shou ld  be u n d e r s t o o d  o n l y  as 

a demons t ra t ion .  A more s t r i c t  e x p e r i m e n t a l  approach would  r e q u i r e  s t i l l  
more  a n a l y s e s  a n d  c o n t r o l l e d  l i s t e n i n g  t e s t s  t o  e v a l u a t e  r e a l  p e r f o r -  



mances a s  w e l l  a s  syn thes i s ed  ve r s ions  e t c .  

Most, o r  a l l ,  of  t h e  synthes i sed  examples sound more n a t u r a l  than t h e  
o r i g i n a l  mechanical  vers ion.  It is thus  obvious t h a t  w e  have found some 
v a l i d  p r i n c i p l e s  f o r  t h e  p e r f o r m a n c e s  o f  t h i s  m e l o d y  by t h e  a n a l y t i c -  
s y n t h e t i c  approach. But i t  is a l s o  ev iden t  t h a t  much remains  t o  be done 
i n  o r d e r  t o  g e t  a  s a t i s f a c t o r y  r e s e m b l a n c e  t o  a  l i v e  p e r f o r m a n c e .  Only 
c e r t a i n  d u r a t i o n  v a r i a b l e s  have  been  m a n i p u l a t e d  h e r e .  To c o n t i n u e ,  i t  

would be necessary  t o  t r e a t  t h e  d u r a t i o n a l  v a r i a b l e s  i n  a  s t i l l  more de- 
t a i l e d  manner, and t o  manipulate  ampl i tudes ,  s p e c t r a  ( t imbre ) ,  o n s e t s  and 
decays e tc . ,  f e a t u r e s  which have been kept  c o n s t a n t  here.  The exper ience  
f r o m  a n a l y s i n g  many p e r f o r m a n c e s  i s  t h a t  o n e  a c t u a l l y  h a s  t o  
"shapet1 each s i n g l e  tone  i n  a l l  these respects (which is what t h e  pe r fo r -  
mer does!) i n  o r d e r  t o  g ive  t h e  s y n t h e s i s  a  " l i v e  impression".  

Vienna w a l t z  accompaniment 

Some c h a r a c t e r i s t i c s  o f  t h e  p e r f o r m a n c e  o f  t h e  Vienna w a l t z  w e r e  
d i s c u s s e d  i n  o u r  1977 p a p e r  ( w h e r e  a l s o  r e f e r e n c e s  t o  s t i l l  e a r l i e r  
p a p e r s  on t h i s  t o p i c  can  be  found) .  A wel l -koown f e a t u r e  o c c u r s  a t  t h e  
b e a t  l e v e l  i n  t h e  accompaniment :  t h e  f i r s t  b e a t  i s  s h o r t e n e d  and t h e  
s econd  b e a t  l e n g t h e n e d .  I n  o t h e r  words ,  t h e  s e c o n d  b e a t  " s t a r t s  t o o  
e a r l y t 1  i f  compared w i t h  a  m e c h a n i c a l  p e r f o r m a n c e .  T h i s  e f f e c t  c a n  be  
s t u d i e d  by l i s t e n i n g  t o  t h e  s i x  accompan imen t  v e r s i o n s  g i v e n  i n  sound 
Example 3. The c o n s t r u c t i o n  o f  t h e  v e r s i o n s  i s  e x p l a i n e d  i n  F i g .  6. The 
f i r s t  v e r s i o n  i s  t r u l y  m e c h a n i c a l ,  t h a t  i s ,  e a c h  o f  t h e  t h r e e  b e a t s  i n  
t h e  m e a s u r e  o c c u p i e s  33.3 % o f  t h e  measu re  d u r a t i o n .  I n  t h e  f o l l o w i n g  
v e r s i o n s  B1 is  i n c r e a s i n g l y  shortened and B2 lengthened  cor respondingly ,  

s o  t h a t  B2 s t a r t s  e a r l i e r  and e a r l i e r ,  w h i l e  B3 r e m a i n s  a t  33 S. L i s t e -  
n i n g  t o  t h e  v e r s i o n s  w i t h  r e g a r d  t o  how w e l l  t h e y  s i m u l a t e  t h e  accom- 
paniment i n  a  Vienna wa l t z ,  one w i l l  probably f i n d  v e r s i o n s  4-5 t o  be t h e  
b e s t ;  t h e  d u r a t i o n  o f  t h e  f i r s t  b e a t  i s  t h e n  25-27 % and t h a t  o f  t h e  
s econd  b e a t  40-42 % of t h e  t o t a l  measu re .  T h i s  i s  i n d e e d  a considerable 

dev ia t i on  from t h e  mechanical values .  S t i l l  more ex t reme d e v i a t i o n s  may 
occur,  s e e  below. 



The a b o v e  v a l u e s  r e f e r  t o  D i i .  However ,  t h e  D i o  v a l u e s  a re  a l s o  c r u -  
c i a l .  I n  F i g .  6 t h e  Dio v a l u e s  a r e  r e p r e s e n t e d  by  t h e  r e c t a n g u l a r  a r ea s  
w i t h i n  e a c h  b e a t  ( n o t e  t h a t  t h e r e  is o n l y  one SE p e r  b e a t ) .  I n  B1 t h e  Dio 
v a l u e  i s  9 0  % o f  t h e  D i i  v a l u e ,  i n  B2 i t  i s  o n l y  15 $ a n d  i n  B3 i t  i s  3 0  

%. T h e s e  v a l u e s  s h o u l d  n o t  b e  t a k e n  a s  n o r m a t i v e ,  j u s t  as  e x a m p l e s  i n  
t h i s  c o n t e x t  . 

The i m p o r t a n c e  of t h e  Dio v a l u e s  a r e  demons t ra ted  i n  Sound Example 4. 
T h i s  c o n t a i n s  e i g h t  v e r s i o n s  a s  i l l u s t r a t e d  i n  F i g .  7. I n  a l l  t h e s e  
v e r s i o n s  B 1  o c c u p i e s  28 %, B2 39 $ a n d  B 3  3 3  % o f  t h e  m e a s u r e  d u r a t i o n .  

The p a r a m e t e r  v a r i e d  i s  t h e  Dio v a l u e :  i t  i s  e i t h e r  " l o n g n  ( 7 5 - 9 0  % )  

o r  " s h o r t n  ( 3 0  g). W i t h  t w o  D i o  v a l u e s  and  t h r e e  b e a t s  we g e t  2 3 ~ 8  
p o s s i b l e  c o m b i n a t i o n s  o f  I1longf1 and l1shortw over  t h e  t h r e e  b e a t s :  111 i n  
t h e  f i r s t  v e r s i o n ,  11s i n  t h e  s e c o n d ,  a n d  s o  o n  u n t i l  sss i n  t h e  e i g h t h  
and l a s t  v e r s i o n .  

L i s t e n i n g  t o  t h e s e  v e r s i o n s ,  one i m m e d i a t e l y  n o t e s  t h e  d i f f e r e n c e s  i n  

t h e  mot ion  c h a r a c t e r  between them. The p e r c e i v e d  s t r u c t u r e  may be a b o u t  
t h e  s a m e  i n  a l l  c a s e s ,  s a y  I t t r i p l e  m e t e r  w i t h  a s t r e s s e d  f i r s t  b e a t v .  

Thus, t h e  b a s i c  d i f f e r e n c e  i s  r a t h e r  i n  t h e  p e r c e i v e d  m o t i o n  c h a r a c t e r .  
It would be a m a t t e r  of p e r s o n a l  t a s t e  t o  dec ided  which v e r s i o n s  a r e  m o s t  
s im i l a r  t o  a n  i d e a l  V i e n n a  w a l t z  a c c o m p a n i m e n t .  Some v e r s i o n s  a r e  o b -  
v i o u s l y  i m p o s s i b l e ,  e .  g. v e r s i o n  no. 1 ,  o t h e r s  a r e  b e t t e r ,  b u t  n o n e  o f  
them i s  p e r f e c t .  I n  f a c t ,  t h e  purpose  o f  t h i s  example  w a s  n o t  t o  model  a 
t y p i c a l  Vienna w a l t z  accompaniment,  b u t  r a t h e r  t o  d e m o n s t r a t e  i n  a s i m p l e  
way how i m p o r t a n t  d i f f e r e n t  Dio  v a l u e s  a r e  t o  t h e  r h y t h m  e x p e r i e n c e ,  
e s p e c i a l l y  r e g a r d i n g  t h e  m o t i o n a l  a s p e c t s  o f  t h e  r h y t h m  e x p e r i e n c e .  
R e a l i s i n g  t h a t  o n l y  two d i f f e r e n t  Dio v a l u e s  were  used h e r e ,  i t  is  e a s y  
t o  imag ine  t h e  numerous p o s s i b l i t i e s  a s s o c i a t e d  w i t h  t he  u s e  o f  a d a i t i o -  
n a l  l e v e l s  o f  Dio v a l u e s ,  e. g. from e x t r e m e  s t a c c a t o  t o  e x t r e m e  l e g a t o .  

Sound Examples 3-4 were both  first p r e s e n t e d  a t  t h e  symposium "Gehirn- 
vorgange b e i  ~ u s G b u n g  und Wahrnehmung von Musik" a r r a n g e d  by H e r b e r t  von 
Karajan S t i f t u n g ,  Vienna, May 1982; s e e  G a b r i e l s s o n ,  1982. 
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rig. 5, [ L l u s t r a t i o n  o f  S o u n d  S x a m p l e  3. The f o u r  n o t a t e d  m e a s u r e s  art. 
p e r f ~ r m s d  i ! ~  s i x  d i f f e r e n t  v e r s i o n s  i l l u s t r a t e d  by  t h e  r o w s  i n  t n e  
f i g u r e .  'The i i i i  v a l u e s  f o r  t h e  t h r e e  b e a t s  within the n e a s u r e  are g i v e n  
i n  p e r c e n t a g e s  5 3  t h e  r i g h t .  The I j io  v a l u e s  for' e a c h  b e a t  a r e  r e p r e s e n t e d  
by th~3 ;.e;.;;ht o f  t h e  r e c t a n g l e s .  Th2 dashed  v e r t i c a l  l i n e s  i n d i c a t e  t h e  
s u b - d i v i s i o n  L?;' t h e  n e q s u r e  i n t o  t n r e e  a q u a 1 l . y  l o n g  b e a t s .  F o r  f u r t r l e r  
coal iaents ,  ;ze t e x t .  



B EAT Dio 

Fig .  7. I l l u s t r a t i o n  o f  Sound Example 4. The f o u r  n o t a t e d  m e a s u r e s  a r e  
performed i n  e i g h t  d i f f e r e n t  vers ions .  I n  a l l  ve r s ions ,  t h e  D i i  v a l u e s  of 
t h e  t h r e e  b e a t s  c o n s t i t u t e  a  s h o r t - l o n g - i n t e r m e d i a t e  ( S L I )  p a t t e r n  o f  
28 ,  39 ,  and 33 1 o f  t h e  d u r a t i o n  o f  t h e  measure .  The Dio v a l u e s  
w i th in  t h e  bea t s  a r e  represen ted  by t h e  length  of t h e  r e c t a n g l e s ,  and a r e  
e i t h e r  l o n g  (1) o r  s h o r t  (S )  a s  shown t o  t h e  r i g h t  ( l l l + l o n g - l o n g - l o n g ,  
l l s+ long- long-shor t ) .  For f u r t h e r  comments, see t e x t .  



S y n t h e s i s i n g  t h e  Bat Waltz 
--p 

I n  o r d e r  t o  have a  t r y  w i t h  a f u l l - f l e d g e d  p i e c e  o f  Vienna w a l t z ,  two  
s e c t i o n s ,  e a c h  c o m p r i s i n g  16 n o t a t e d  b a r s ,  were c h o s e n  f rom t h e  famous 
w a l t z  i n  Die F l e d e r m a u s  ( = T h e  B a t ) ,  composed  i n  1 8 7 4  by J o h a n n  S t r a u s s  

jun .  ( S e e  F i g .  8.) 

A good o r c h e s t r a l  performance o f  a  Vienna w a l t z  is e x t r e m e l y  compl i -  

c a t e d  i n  t e r m s  o f  t h e  a c o u s t i c a l  p a r a m e t e r s  i n c l u d i n g  c h r o n o m e t r i c a l  
d u r a t i o n s .  Indeed;  i t  is  a  s o r t  o f  f ine-meshed n e t w o r k ,  where  e v e r y t h i n g  
f i t s  t o g e t h e r  i n  a way t h a t  i s  a t  t h e  s a m e  t ime  w e l l - s t r u c t u r e d  a n d  
f l e x i b l e ,  a  t r u e  i n t e r p l a y  between whole and p a r t s .  Changes made a t  one 

p l a c e  i m m e d i a t e l y  a f f e c t  o t h e r s .  An improvement a t  o n e  p l a c e  m i g h t  pro- 
duce  a  chnage f o r  t h e  worse a t  a n o t h e r ,  maybe on a n o t h e r  m e t r i c a l  l e v e l  

( o r  e v e n  i n  a n o t h e r  p a r a m e t e r ) ,  a n d  s o m e t i m e s  a l s o  i n  u n e x p e c t e d  ways .  
Sound Example - 5 p r e s e n t s  a t o t a l l y  mechan ica l  p e r f o r m a n c e  ( M M  NOT= 164),  
which s h o u l d  be compared w i t h  t h e  s y n t h e z i s e d  i m i t a t i o n  o f  a l i v e  pe r -  
formance i n  sound Example - 6. 

The s y n t h e s i s  d i s c u s s e d  h e r e  h a s  some s e v e r e  l i m i t a t i o n s  which  must  be 
s t a t e d  b r i e f l y .  The t i m b r e  c h o s e n  i s  f a r  f r o m  s a t i s f a c t o r y  a n d  i s  t h e  
s a m e  t h r o u g h  t h e  e x a m p l e ,  a n d  t h e  s a m e  i s  t r u e  f o r  t h e  a m p l i t u d e  e n v e -  
l o p e s .  The sound p r e s s u r e  l e v e l  h a s  been v a r i e d  i n  a r a t h e r  i n t u i t i v e  way 
a c c o r d i n g  t o  r ecorded  pe r fo rmances ,  ma in ly  i n  o r d e r  t o  i n c o r p o r a t e  some 
i m p o r t a n t  a c c e n t s .  The main i n t e r e s t  h a s  been f o c u s e d  on t h e  d u r a t i o n a l  
p a r a m e t e r s .  A s  r e g a r d s  dance movements t h e  comments w i l l  be  c o n f i n e d  t o  a 
s i m p l e  s t a t e m e n t  concern ing  t h e  m e t r i c a l  s i z e  o f  a " f u l l  t u r n n .  

F i r s t  o f  a l l  i t  is  n e c e s s a r y  t o  make some s t a t e m e n t s  a b o u t  t h e  o v e r a l l  
m e t r i c  s t r u c t u r e ,  t h e  most  i m p o r t a n t  r h y t h m e t r i c  e n t i t y ,  and t h e  p r i n c i -  

p a l  r e l a t i o n s h i p s  between them i n  a Vienna w a l t z .  (The t e r m  n r h y t h m e t r i c "  
was i n t r o d u c e d  by I. Bengtsson i n  Sohlmans M u s i k l e x i k o n  2nd ed. 1979. It 

means a  r h y t h m i c  s t r u c t u r e  t h a t  a t  some l e v e l  ( o r  l e v e l s )  i s  m e t r i c a l l y  
d e f i n a b l e  i n  a  way i n c l u d i n g  some s o r t  of e x p e r i e n c e d  r e g u l a r i t y  a t  t h e  

same l e v e l . )  

T h i s  s o r t  o f  m u s i c ,  made f o r  o r  a t  l e a s t  d e r i v e d  f r o m  d a n c i n g  a n d  
d a n c e  m u s i c ,  i s  s t r u c t u r e d  a c c o r d i n g  t o  a  v e r y  r e g u l a r  h i e r a r c h i c a l  

m e t r i c  sys tem.  One can  r e g a r d  i t  i n  two ways: f rom t h e  o v e r a l l  p e r i o d i c a l  
s t r u c t u r e  down t o  t h e  s i m p l e s t  e n t i t y ,  o r  t h e  o t h e r  way around. N e i t h e r  



F i g .  8. The 32 m e a s u r e s  f r o m  t h e  B a t  W a l t z  by 3. S t r a u s s  j u n .  A s i m p l i -  
f i e d  n o t a t i o n  is  used f o r  t h e  s y n t h e s i s ,  which c o n s i s t s  o f  t h r e e  s e p a r a t e  
p a r t s :  melody, tlaccompanimentlt (i.e. t h e  a f t e r - b e a t s ) ,  and  bass .  



way s h o u l d  b e  c o n s i d e r e d  t h e  " r i g h t w  o r  "most  i m p o r t a n t f 1  o n e ;  t h e y  a r e  
thoroughly i n t e g r a t e d .  However, a s  it  is not  even q u i t e  s e l f - e v i d e n t  what 
s h a l l  be  c o n s i d e r e d  t o  be  t h e  p r o p e r  m e t r i c a l  e n t i t y ,  t h i s  is  a  good 
reason f o r  s t a r t i n g  from below. 

Using o r d i n a r y  n o t a t i o n  as t h e  po in t  of d e p a r t u r e ,  t h e  b a r  o r  measure 
( M )  w i th  t h r e e  r e g u l a r  b e a t s  (B) seems t o  be t h e  s e l f - e v i d e n t  rhy thmica l  

e n t i t y ;  it shall  be l a b e l l e d  I n  dancing, however, t h i s  cor responds  t o  
t h e  f i r s t  h a l f  o f  t h e  f u l l  c h o r e o g r a p h i c a l  c y c l e  o r  t u r n ,  o n l y ,  which  
comprises  two such bars.  These make a  p a i r  i n  s u c c e s s i o n  and t h u s  a r e  no t  

i d e n t i c a l .  The l a r g e r  e n t i t y  w i t h  2  X 3  = 6 B s h a l l  b e  l a b e l l e d  Mb ( b  

f o r  o v e r t  b e h a v i o r ) .  I n  a  r a t h e r  i m p o r t a n t  s e n s e  V ienna  w a l t z e s ,  and  
maybe mos t  w a l t z e s ,  a r e  n o t  i n  a n y  " t h r e e  b e a t s  i n  t h e  b a r "  meter,  b u t  
r a t h e r  a r e  based  upon a  2 X 3  B s t r u c t u r e .  (See  f i g .  9. A l l  e x a m p l e s  

analysed s o  f a r  c l e a r l y  show t h a t  t h e  SYVARD p a t t e r n  o f  t h e  s i z e  2Mn 
becomes o b s c u r e d  i f  a v e r a g e s  were  computed o v e r  b o t h  odd and  e v e n  M,.) 

Thus,  1 M b  = 2 M,* 

The o v e r a l l  h i e r a r c h i c a l  s t r u c t u r e  can  be  d e s c r i b e d  as  a  r e s u l t  o f  

r e p l i c a t i o n s  o f  Mb. The mos t  common scheme i s  a  p e r i o d  o f  8 Mb ( 1 6  Mn) 
c o n s i s t i n g  o f  two h a l f - p e r i o d s  o f  4  M b  ( 8  M,), w h i c h ,  i n  t u r n ,  c o n t a i n  

two  phrases  of  2 ( 4  M,) e a c h ;  c f .  f i g .  9. A l l  m e l o d i c  and  h a r m o n i c  
sound even t s  a r e  both d i s t r i b u t e d  w i t h i n  and d e f i n i n g  t h i s  h i e r a r c h i c a l  
scheme, most ly  i n  o r d e r  t o  make i t  redundant ly  c l e a r ,  sometimes i n  o r d e r  
t o  produce t ens ions ,  d e v i a t i o n s  and su rp r i s e s .  

D i s r e g a r d i n g  t h e  l i m i t a t i o n s  h i n t e d  a t  a b o v e ,  t h e r e  a r e  f i v e  m a j o r  
f a c t o r s  t h a t  i n f luence  t h e  r e l a t i o n s h i p s  between d u r a t i o n  va lues  (and any 
r e a l  va lues  a s  we l l ) :  

1) The b a s i c  D p ropor t i ons  w i t h i n  M, and M b ,  most consp ic ious  

a s  SYVARD a t  t h e  B l e v e l ;  

2 )  A r t i c u l a t i o n  i n  t h e  sense  of Dio /Doi - re la t ionsh ips  w i t h i n  D i i ;  

3 )  Tempo and beat  r a t e  f l u c t u a t i o n s  and v a r i a t i o n s ;  

4 )  SYVARD a t  h i g h e r  l e v e l s  and some more r a n d o m l y  v a r y i n g  e v e n t s  a t  
those  l e v e l s ;  

5) Exceptions from exac t  synchrony between d i f f e r e n t  p a r t s ,  i n  t h i s  
case  between melody and accompaniment. 



1. Many music ians  have been t o l d  t h a t  i n  Vienna w a l t z e s  t h e  second B per  - 
M, should be played somewhat lengthened t h e  expense o f  B 1,  presumably 

implying t h a t  B 3  should be in te rmedia te .  This  f e a t u r e  h a s  been conf i rmed 
above  i n  F ig .  6  and i n  Sound Example 3. Us ing ,  as  b e f o r e ,  S  f o r  
s h o r t ( e r ) ,  L f o r  l ong (e r ) ,  and I f o r  i n t e rmed ia t e ,  t h e  p r e v a i l i n g  SYVARD 

p a t t e r n  t h u s  can be des igna ted  SLI w i t h i n  a  Mn* The amount of d i s p l a c e -  

ment may d i f f e r  between Modd and Me,,,. Furthermore, a p ro longa t ion  of B 
3  may occur  i n  c e r t a i n  s i t u a t i o n s ,  changing t h e  SLI p a t t e r n  t o  SIL. 

A s  r ega rds  t h e  SLI p a t t e r n ,  B 1  may vary  from about  30 t o  25 % o r  even 

l e s s  of  a  M,, B2  be tween  c a  34 % and  42 %, B 3  b e t w e e n  c a  3 1  and 34 % o r  
more, i f  t h e r e  is a  SIL pa t t e rn .  The v a r i a t i o n s  of t h e  pe rcen tages  depend 
q u i t e  a  l o t  upon t h e  s t r u c t u r e  of t h e  composi t ion a s  w e l l  as of  d i f f e r e n t  
choices  made dur ing  a p a r t i c u l a r  performance (due t o  a l o t  of d i f f e r e n t  
c i r c u m s t a n c e s  which  s h a l l  n o t  be  d i s c u s s e d  h e r e ) .  An e x a m p l e  o f  s u c h  a  
p a t t e r n  i s  g i v e n  i n  Beng t s son  & a l .  (1969 ,  p. 97).  T y p i c a l  a v e r a g e s  f o r  

25.7,  38.6, 31.7 %; s i x  B i n  a M b  a r e  f o r  Modd: 30.2, 37.3, 36.5; M e v e n a  
t h i s  shows a  c l e a r  d i f f e r e n c e  between odd and even M,. 

2. Fo r  a l l  t o n e s  - l o n g  o r  s h o r t  - one h a s  t o  c o n s i d e r  t h e  D io /Do i  - 
r e l a t i o n s h i p s  d i scussed  and exempl i f ied  i n  a  prev ious  s e c t i o n .  The impor- 
t ance  of  t h i s  a r t i c u l a t i o n  f a c t o r  must no t  be underes t imated .  We st i l l  
know f a r  t o o  l i t t l e  a b o u t  i t s  r o l e s  a s  r e g a r d s  r h y t h m  i n  a l l  t h e  t h r e e  
a s p e c t s  s t r e s s e d  above. Sound Example 4  (c f .  Fig. 7  above)  c l e a r l y  showed 
t h a t  i n  Vienna wa l t z ,  t h e  bas i c  rhythmic p a t t e r n  would l o o s e  its l i f e  - 
o r  a t  l e a s t  i t s  energy and p l a s t i c i t y  - i f  t h e  accompaniment were pe r fo r -  
med a l m o s t  l e g a t o .  I n  t h i s  r e s p e c t ,  a l r e a d y ,  t h e r e  a re  c h a r a c t e r i s t i c  
SYVARD tendenc i e s .  

3. I n  many Vienna w a l t z  performances t h e  o v e r a l l  tempo v a r i a t i o n s  are - 
as ton i sh ing ly  l a rge .  I n  a  group of  record ings  of  t h e  famous Danube w a l t z  
(An -- d e r  s chonen  b l a u e n  Donau) t h e  a c c e l e r a n d o  w i t h i n  t h e  f i r s t  32 M, 

v a r i e d  be tween  c a  40 and c a  80 %. The l i s t e n e r  i s  a p t  t o  u n d e r e s t i m a t e  
t h i s  d i f f e r e n c e ,  and i t  is  o f t e n  d i f f i c u l t  t o  t e l l  - w i t h  t h e  excep t ion  

of some c l e a r  i n s t a n c e s  - i f  t h e  tempo changes occur  c o n t i n u a l l y ,  s t e p -  
wise,  o r  both. 



However,  tempo i s  a  r a t h e r  vague  c o n c e p t .  I n  o r d e r  t o  i m p r o v e  t h e  
p r e c i s i o n ,  fou r  d i f f e r e n t  meanings o f  tempo should be d i s t i n g u i s h e d :  (a )  
t h e  a b s t r a c t  mean tempo,  c a l c u l a t e d  a s  t h e  t o t a l  d u r a t i o n  o f  a m u s i c  
s e c t i o n  d iv ided  by t h e  number o f  b e a t s  i n  t h e  same s e c t i o n ,  (b)  t h e  main 
tempo, be ing  t h e  p r e v a i l i n g  (and intended)  tempo ob ta ined  when i n i t i a l  
and f i n a l  r e t a r d a t i o n s  as w e l l  as more amorphous caesurae  a r e  d e l e t e d ,  
( c )  -- l o c a l  t e m p i ,  m a i n t a i n e d  o n l y  f o r  s h o r t  p e r i o d s  b u t  p e r c e p t i b l y  
d i f f e r i n g ,  and  ( d )  -- b e a t  r a t e ,  a n  e x p r e s s i o n  w h i c h ,  o f  c o u r s e ,  c o u l d  be  
u sed  a s  a  s i m p l e  d e f i n i t i o n  o f  t empo;  h e r e ,  h o w e v e r ,  we w i l l  u s e  i t  
exc lus ive ly  f o r  de-scr ib ing  minor f l u c t u a t i o n s ,  which may no t  be percep- 
t i b l e  a s  such. 

I n  t h e  Bat  w a l t z  t h e  main  tempo i s  a c c e l e r a t i n g  s l i g h t l y  i n  b o t h  

pe r iods  and somewhat f a s t e r  i n  t h e  second per iod  than  i n  t h e  f irst  one. 
F u r t h e r m o r e ,  t h e r e  a r e  c h a n g e s  o f  l o c a l  tempo as  wel l  a s  o f  b e a t  r a t e ,  
depending mainly upon t h e  melodic  and harmonic s t r u c t u r e .  Good mus ic i ans  
use such s t r u c t u r a l  components a s  cues  f o r  choosing t h o s e  t y p e s  o f  f l u c -  
t u a t i o n s  i n  o r d e r  t o  o b t a i n  t h e  p r o p e r  o v e r a l l  movement a n d  t h u s  t o  
c o n t r o l  t h e  proper r e a c t i o n s  a s  r ega rds  k i n e t i c s ,  imagined movement and 
f e e l i n g  o r  mood. He re ,  t o o ,  t h e  d i a l e c t i c s  b e t w e e n  t h e  g e n e r a l  and t h e  
p a r t i c u l a r  becomes of c e n t r a l  importance,  and t h i s  f a c t  p e r t a i n s  t o  a l l  
t h e  parameters  under d i scuss ion .  Up t o  a  c e r t a i n  p o i n t  i t  is p o s s i b l e  t o  

s t a t e  some r u l e s  o r  a t  l e a s t  p r e v a i l i n g  t e n d e n c i e s ;  beyond t h a t  p o i n t  
every p iece  o f  music must be t r e a t e d  a s  t h e  s i n g u l a r  i n s t a n c e ,  t h e  quas i -  
i n d i v i d u a l ,  t h a t  i t  is. Both s t r a t e g i e s  have  been  used  i n  t h e  appended  
syn thes i s ed  example. 

4. A t  h i g h e r  h i e r a r c h i c a l  l e v e l s  SYVARD v e r y  much p e r t a i n s  t o  what  - 
music ians  gene ra l l y  c a l l  phrasing.  Here, t oo ,  p r e v a i l i n g  t e n d e n c i e s  a r e  
combined w i t h  s i n g u l a r  and more w s t r e t c h a b l e w  v a r i a t i o n s ,  t h e  l a t t e r  
p a r t i a l l y  due  - on t h e  a c o u s t i c a l  s i d e  - t o  t h e  i n t e r p l a y  o f  d i f f e r e n t  
p a r a m e t e r s ,  p a r t i c u l a r l y  i n t e n s i t y  and d u r a t i o n ,  a r t i c u l a t i o n  included.  
"S t re tchablev  here  means ano the r  s o r t  of f l e x i b i l i t y  t han  t h a t  n e c e s s a r i -  
l y  i nhe ren t  i n  SYVARD. It i s  p a r t i c u l a r l y  a  c h a r a c t e r i s t i c  o f  many caesu- 
r a e  between phrases  and ha l f -pe r iods  a s  w e l l  a s  o f  t r a n s i t i o n s  ( s e e  e.g. 

17) .  They a r e  a t  t h e  same t i m e  p r o p e r  p a r t s  o f  t h e  o v e r a l l  p e r f o r m e d  
s t r u c t u r e  (and movement) and y e t  t r e a t e d  more f r e e l y  - as a s o r t  o f  
i n s t r u m e n t a l  c o u n t e r p a r t s  t o  t h e  i n t e r s p a c i n g  o f  b r e a t h i n g  p a u s e s  i n  
s ing ing ,  t o  nhes i t a t i ons l l ,  and t h e  l i k e .  



Therefore ,  t h i s  f e a t u r e  should no t  be considered a s  being j u s t  amor- 
phous b u t  r a t h e r  a s  a  v a l i d  s i g n  o f  t h e  p e r f o r m e r ' s  c o n c e p t s  and  i n t e n -  
t i o n s ,  presumably a l s o  a s  an i n t e r p r e t a b l e  symptom of t h e  r e l a t i v e  impor-  
t a n c e ,  which  i s  c o n s c i o u s l y  o r  u n c o n s c i o u s l y  a l l o t t e d  t o  s t r u c t u r a l ,  
m o t o r i c / k i n e t i c  and e m o t i o n a l  q u a l i t i e s  o r  aspec ts .  I n  t h e  s y n t h e s i s e d  
examples t h i s  type  o f  even t s  have o f t e n  been t r e a t e d  by us ing  an "addi-  
t i o n  f a c t o r v  a t  p r o p e r  p l a c e s .  (See  F i g .  10.) 

5. Among t h e  most widely spread p r e j u d i c e s  concerning mus i ca l  r e n d e r i n g  - 
w e  f i n d  t h e  b e l i e f ,  t h a t  t o n e s  a p p e a r i n g  i n  d i f f e r e n t  p a r t s  (e.g. i n  a  
melody and i t s  accompan imen t ) ,  wh ich  s h a l l  be  p l a y e d  s i m u l t a n e o u s l y  
according t o  t h e  n o t a t i o n  , a r e  i n  r e a l i t y  performed wi th  ch ronomet r i ca l -  
l y  exac t  s imultaneousness .  Measurements of l i v e  performances t e l l  a n o t h e r  

s to ry .  I n  an a n a l y s i s  of  t h e  Kettenbrucke wa l t z  (Bengtsson & Gabr i e l s son  
1977, p. 34-38) it  has been shown how t h e  melody is o f t e n  played i n  a .way  

which is  r a t h e r  d i f f e r e n t  from t h e  perspicuous SLI p a t t e r n  of  t h e  "after- 

b e a t t f - p a r t s  i n  t h e  accompan imen t ,  t h e  a t t a c k  t i m e  d i f f e r e n c e s  m o s t l y  
being about 20-30 m s ,  i n  some cases  about  40-50. I n  t h e  s y n t h e s i s  of t h e  
Bat wa l t z  t h i s  f e a t u r e  had t o  be d e a l t  w i th ,  whereever t h e  melody h a s  s i x  
e i g h t h - n o t e s  p e r  measure .  A good e f f e c t  was o b t a i n e d  b y  making  t h e  SLI  
p a t t e r n  l e s s  pronounced  i n  t h e  accompan imen t  and by p e r m i t t i n g  s l i g h t  

( i . e .  i m p e r c e p t i b l e )  n o n - s i m u l t a n e o u s n e s s .  But t h i s  d e t a i l  c e r t a i n l y  
c a l l s  f o r  f u r t h e r  and more s y s t e m a t i c  i nves t i ga t ion .  

I n s t e a d  o f  g i v i n g  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  s y n t h e s i s e d  w a l t z  
s e c t i o n ,  a  few t o p i c s  and e x a m p l e s  s h a l l  be s e l e c t e d ,  i l l u s t r a t e d  a n d  
commented upon. F i g : s  8  - 12 and Sound Examples  5 - 7 p e r t a i n  t o  t h i s  
d i s cus s ion .  

1. Choices and changes of  tempo and bea t  r a t e .  These c h o i c e s  can be s e e n  - 
from t h e  t a b l e  i n  Fig. 10. The p r e v a i l i n g  tendency is a n  acce le rando  from 
M M  158 t o  M M  178. It i s  combined w i t h  changes p e r t a i n i n g  t o  t h e  4Mn-group 
and 2 ~ ~ - g r o u p  l e v e l s .  F u r t h e r m o r e ,  f f a d d i t i o n "  f a c t o r s  a r e  i n t r o d u c e d  
( h e r e  e x p r e s s e d  i n  f r a c t i o n s  o f  a  who le  n o t e ) .  They a r e  u s e d  t o  a r t i c u -  
l a t e  p h r a s i n g ,  t h e  v a l u e s  s i t u a t i o n a l l y  c o n d i t i o n e d  by  t h e  s t r u c t u r a l  
context .  I n  r e a l  t ime  t h e s e  a d d i t i o n s  vary  between ca  5 and ca  30 m s .  



METRICAL LEVELS l 
Notated measure, 
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Rhytmetrical entity, 1 
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' I '  

J 1 14 1 

8x6 B 

/ \ 
I 

1. j 1. / 1. J. 

Fig. 9. Table showing t h e  f i v e  m e t r i c a l  l e v e l s  from t h e  no t a t ed  measure 
( M n )  t o  t h e  f u l l  period. - diminished note  va lues  a t  t h e  l e v e l s  of  h a l f -  
per iod and periodmay look confusing a t  f i r s t  s i g h t .  However, t hey  r ep re -  
s e n t  a  d e l i b e r a t e  d e v i a t i o n  from convent iona l  n o t a t i o n  made i n  o r d e r  t o  
e l u c i d a t e  t h e  s h i f t s  of  experienced group f o r m a t s  a t  t h e s e  l e v e l s .  

C" 

Period (16 Mn) 6 = Form entity 

/ 
I 

1. i J. / J. j J. 4x6 B 



2. SYVARD a t  t h e  b e a t  l e v e l  i s  dominated by more o r  less pronounced SLI- - ---p 
p a t t e r n s *  I n  t h e  f irst  Period ( M n  1-16) t h e  averages  f o r  t h e  accompani- 
ment  a r e  a b o u t  31 + 36 + 33 % i n  c a s e s  where  t h e r e  a r e  s i x  e i g h t h - n o t e s  
per  measure i n  t h e  melody p a r t ,  and around 27 + 39 + 34 % elsewhere.  The 
second per iod  (M, 17-32), which has  a  r a t h e r  d i f f e r e n t  c h a r a c t e r ,  l a c k s  
e i g h t h - n o t e s  i n  t h e  melody,  and  i s  more r a p i d ;  t h e  a v e r a g e  p a t t e r n  i s  

a b o u t  26 + 40 + 34 $. F u r t h e r m o r e ,  a  c e r t a i n  amount  o f  l e v e l l i n g  o c c u r s  
a t  s t a r t s  and e n d i n g s ,  f o r  example  33.3 + 34.3 + 32.3 % w i t h  a  s t a r t i n g  

a d d i t i o n  o f  "1/40f1 a t  B 1  i n  M, 1 , and 32 + 34 + 34 % i n  M n  15- 

It i s  always impor tan t  t o  cons ider  t h e  p ropor t i ons  under ly ing  t h e s e  
numbers r a t h e r  t han  t h e  mere values.  A change by no more t h a n  2  % from 27 
+ 40 + 33 % t o  29 + 38 + 33 % means a  change  o f  t h e  p r o p o r t i o n  b e t w e e n  B1 
and B2 f rom 0.68 : 1 ,  o r  n e a r  2:3,  t o  0.76 : 1 ,  o r  n e a r  3:4. 

A s  r e g a r d s  t h e  e i g h t h - n o t e s  i n  t h e  melody ,  a  m a i n  t e n d e n c y  i n  m o s t  
measures is  a  LS LS SL grouping of  t h e  t h r e e  p a i r s  of  e igh th-notes .  

3. The p r e v a i l i n g  a r t i c u l a t i o n  p a t t e r n  ( i . e .  t h e  t r e a t m e n t  o f  D io /Do i  

r e l a t i o n s h i p s )  is ,  t o  put  it roughly,  "long-short-short",  f o r  example 100 
o r  90 % on B 1  i n  t h e  b a s s ,  f rom 20 t o  c a  40 % a t  t h e  " a f t e r - b e a t s f f  i n  t h e  
accompaniment. The va lues  chosen vary according t o  t h e  c o n t e x t ,  p a r t i c u -  

l a r l y  w i t h  r e s p e c t  t o  melodic even t s  and accents .  

4. A f t e r  t h e  v e r y  b e g i n n i n g ,  where  a  p a r t i c u l a r  s t a r t i n g  e f f e c t  m u s t  - 
a l w a y s  be  m a n i f e s t ,  t h e  t u n e  s t a r t s  a s  f rom t h e  b e g i n n i n g  i n  M n  
Fig.  1 1  shows t h e  p e r c e n t a g e s  and d u r a t i o n s  P e r  M n  i n  t h i s  2Mn g r o u p .  
The melody h a s  a  LS LS SL p a t t e r n  a t  t h e  SE l e v e l  and  a t  t h e  same t i m e  a  
weak SLI p a t t e r n  a t  t h e  B l e v e l ,  a  p a t t e r n  t h a t  is fu r the rmore  modi f ied  
by a  minor pro longat ion  of t h e  s t a r t i n g  B 1 and of  t h e  last  e igh th -no te s  
g roup  a t  B 6. The accompaniment  i n  t h e s e  b a r s  h a s  a  more  p ronounced  b u t  
ye t  no t  conspicuous SLI p a t t e r n ,  where B1 i s  made somewhat l onge r  t h a n  
B4, and B6 somewhat  l o n g e r  t h a n  B3. A s  p a r t  o f  t h e  o v e r a l l  a c c e l e r a n d o  
t h e  M M  v a l u e  i s  changed  f rom 174 t o  176,  which  h a s  t h e  e f f e c t  t h a t  a l l  
r e a l  time va lues  a r e  d i f f e r e n t  w i t h i n  t h e  frame of  1035 + 1023 msec f o r  
t h e  two M,. I n  t h e  same t a b l e  t h e  a r t i c u l a t i o n  v a l u e s  a r e  shown ( i n  
p e r c e n t  o f  D i i  and msec)  a s  w e l l  a s  t h e  d i f f e r e n c e s  i n  a t t a c k  t i m e  a n d  



T e m p o ,  b e a t  r a t e  c h a n g e s , a n d  a d d i t i o n  f a c t o r s  
..................................................................................... 

iilld: 152, Acc. t o  196 i n  168 
6 b e a t s  

Add.: t1/40 +1/24 +1/32 
a t  t h e  s t a r t  

B a s s  d e l a y e d  1/140 f r o m  t h e  b e g i n n i n g  a n d  a l l  t h e  way 

Id1 7 ?+I l 8 M1 9 M20 -- 
B49 50 51 52 53 54 55 56 57 58 59 60 

l .  : 90 182 186 

Add. : +1/40 

M2 5 -- h126 -- M27 -- M28 

B73 74 75 76 77 78 79 80 81 82 83 84 

hiTd. : 148 186 184 

hdd.  : -- 

M1 3 M1 4 M1 5 M1 6 

37 38 39 40 41 42 43 44 45 46 47 48 

178 168 180 

+1/40 

M2 1 -- h122 U M24 

61 62 63 64 65 66 67 68 69 70 71 72 

188 190 

+1/64 

M 2  -- M3 0 M 2  M32 

85 86 87 88 89 90 91 92 93 94 95 96 

188 (188) R i t a r d .  to 160 i n  6 b e a t s  

Fig.  10. Tab le  o f  tempo and b e a t  r a t e  changes.  The t o t a l  d u r a t i o n  is  33.5 
sec .  The a d d i t i o n  f a c t o r s  a r e  e x p r e s s e d  a s  f r a c t i o n s  o f  a whole n o t e ,  t h e  
l e n g t h  o f  which v a r i e s  a c c o r d i n g  t o  b e a t  r a t e .  The sum o f  t h e s e  a d d i t i o n s  
is 356 msec. If c a l c u l a t e d  c u m u l a t i v e l y ,  t h e  mean tempo v a r i e s  between M M  
c a  165 and c a  174. Its mean v a l u e  is  MM = 170.4 w i t h  t h e  a d d i t i o n s ,  172.2 
w i t h o u t  them. Main tempo, however ,  is  a b o u t  174 i n  t h e  f irst  p e r i o d  and 
a b o u t  186 i n  t h e  second.  



M e a s u r e s  (Mn)9-10 

M 9: MM = 178. Bmean=337 ms, 3B = 1011 ms Mn 10: MM = 180. B =333 ms, 3B=1000 m: mean 

MELODY : 2 f J J I -  
B in %: 33.7 33.7 32.6 31 .O 34.7 34.3 
Binms: 341 340 330 310 347 343 

Articulation in the melody 100 % (legato) except 95% for SE 6, 90% for SE 12 

ACCOMPANIMENT: p d J I r A J 
I - 

B in %: 31 .O 36.0 33.0 30.0 36.0 34.0 
B in ms: 314 364 334 300 360 340 

Articulation in the accompaniment: 

DioinZ: 100 2 0 30 90 20 30 

Dio in ms: 314 73 l00 270 72 102 
Doi in ms: 0 291 234 30 288 238 

The bass part is constantly delayed ca 10 ms in relation to the melody, the exact amour 
of delay being a simple function of the tempo value. 

Onset differences between melody and accompaniment (in ms): 

B1 B2 B 3 B4 B5 B6 

+l0 -1 7 +6.5 +10.5 +0.5 +13.5 

Duration differences between Dii per B in melody and accompaniment (in ms): 
17 23.5 4 10 13 3 

Fig. 11. Table  o f  D v a l u e s  i n  p e r c e n t a g e s  and msec. (ms) used i n  MC 
o f  t h e  s y n t h e s i s .  Shown a r e  a l s o  a r t i c u l a t i o n  (Dio i n  p e r c e n t  o f  D i i )  and  
some v a l u e s  p e r t a i n i n g  t o  t h e  asynchronism between melody and accompani-  
m e n t ,  t h e  l a t t e r  o f  c o i u r s e  i n c l u d i n g  t h e  b a s s .  The b a s s  n o t e s  a re  - 
i n d e p e n d e n t l y  o f  t h e s e  d i f f e r e n c e s  - d e l a y e d  c a  10 msec a l l  t h e  way  i n  
r e l a t i o n  t o  t h e  m e l o d y ,  t h e  e x a c t  a m o u n t  o f  t h i s  d e l a y  b e i n g  a  s i m p l e  
f u n c t i o n  o f  t h e  l o c a l  tempo. 



SYVARD p a t e e r n s  o f  M 5 - 8 - .. - - - - - - - - - - - - - - - - _-__-_------------- n 

M - :  1-21 rj J 1 
B i n  $: 33.0 31 .3  35.7 24.0 

Rea l  t ime  v a l u e s .  ilh 5 MM = 200, Mn 6 y 1 9 1  

S E i n m s : 1 5 6  141 144 138 156 165 -- 126 100 

B i n  m s :  297 282 321 226 

Rea l  t i m e  v a l u e s .  M, 7  MM = 202, F$, 8 8 = 191 

F ig .  12. SYVARD v a l u e s  i n  p e r c e n t  and msec ( m s )  f r o m  a n  i m i t a t i o n  o f  M 
5-8 i n  t h e  record ing  mentioned above. They g i v e  a  f a i r l y  t r u e  p i c t u r e  o? 
t h e  r e a l  p e r f o r m a n c e  i n  t h e s e  b a r s  as r e g a r d s  t empo  and  d u r a t i o n  r e l a -  
t i o n s h i p s .  The a r t i c u l a t i o n  v a l u e s  i n  M6 and  M8 are 45-55 % 
t h e  t w o  SE a t  B1, a round  20-25 % f o r  B2 and B3. T h i s  means t h a t  a l l  Dio 
v a l u e s  l i e  a r o u n d  50-80 msec. Note t h e  d i f f e r e n c e s  b e t w e e n  t h e  t w o  M -  
groups,  which a r e  p a r t i a l l y  due t o  t h e i r  d i f f e r e n t  m e t r i c a l  p o s i t i o n  and 
o t h e r  s t r u c t u r a l  p rope r t i e s .  Cf. Sound Examples 7a and 7b. 

d u r a t i o n  between melody and accompaniment .  I n t e r e s t i n g l y ,  s u c h  d i f f e -  
rences  of about 20-30 msec a r e  r e a d i l y  accepted i n  a  s i t u a t i o n  l i k e  t h i s  

(maybe no t  even perce ived) ,  whereas d i f f e r e n c e s  around and j u s t  above 30 
msec a r e  unacceptable  i n  a  sequence of chords l i k e  t h e  one f i r s t  occur- 

r i n g  i n  M, 6. 

5. I n  a  record ing  of t h e  Bat wa l t z  by t h e  Vienna Phi lharmonic Orches t r a  - 
wi th  Wi l ly  Boskovsky conducting (grammophone r eco rd  Decca SPA 3 12) t h e  

rhythm J J / i n  Mn 6 and 8  and l a t e r  on is performed i n  an ex t r eme ly  
e n e r g e t i c  way t h a t  c o n t r i b u t e s  v e r y  much t o  t h e  o v e r a l l  i m p r e s s i o n  o f  
forward movement, of g a i e t y  and a l s o  of  a  proper  "Viennesew performance 
d i a l e c t .  Wi th  t h e  a i d  o f  t h e  a v a i l a b l e  s y n t h e s i z e r  (SYNCLAVIER 1 1 )  a  
r a t h e r  c l o s e  i m i t a t i o n  of t h e  d u r a t i o n a l  r e l a t i o n s h i p s  i n  t h e s e  b a r s  was 
accomplished. 



D u r a t i o n s  a r e  g i v e n  i n  F ig .  12 i n  t e r m s  o f  p e r c e n t a g e  a n d  msec . (The  

a r t i c u l a t i o n  va lues  from t h e  i m i t a t i o n  a r e  no t  r e l i a b l e  and a r e  t h e r e f o r e  
excluded i n  t h e  table . )  The tempo is somewhat h igher  d u r i n g  t h e  r e c o r d i n g  
than  i n  t h e  s y n t h e s i s  presented h e r e ,  and t h e  d e v i a t i o n s  from mechanica- 
l i t y  a r e  even  more pronounced  i n  t h e  f o r m e r  t h a n  i n  t h e  l a t t e r .  But  t h e  
r e s u l t s  of  t h e  i m i t a t i o n  a r e  r a t h e r  r evea l ing ,  and i t  is a lmos t  a  shock  
t o  h e a r  t h e  p e r f o r m e d  p a t t e r n  i n  1 /4  o f  t h e  o r i g i n a l  s p e e d .  T h e r e f o r e ,  
a f t e r  h a v i n g  s t u d i e d  t h e  v a l u e s  i n  F ig .  12 one  s h o u l d  l i s t e n  t o  s o u n d  
Example - 7. Example 7a c o n s i s t s  of M n  5-6 i n  t h e  r e c o r d i n g  w i t h  t h e  

o rches t r a .  I n  Example 7b t h e  same measures have been s y n t h e s i s e d  acco r -  
d i n g  t o  t h i s  r e n d e r i n g ,  b u t  t h e  m u s i c  is p l a y e d  i n  1 / 4  speed .  - Of 
course,  t h i s  might be c a l l e d  a  r a t h e r  extreme case  of  d u r a t i o n a l  dev i a -  
t i o n s  f rom t o t a l  m e c h a n i c a l i t y ,  b u t  i t  shows i n  a  r a t h e r  s t r i k i n g  way 
what  SYVARD c a n  be. Also  i t  i l l u s t r a t e s  t h e  c o n s i d e r a b l e  d i s c r e p a n c e s  
between a  rhy thmica l  l i v e  performance and what t h e  n o t a t i o n  is g e n e r a l l y  

assumed t o  symbolize i n  t h i s  r e spec t .  

Another i n t e r e s t i n g  d e t a i l  i n  t h e  example  i s  t h a t  t h e  s u b s t a n t i a l l y  

s h o r t e n e d  B 1  o f  M n  6  and  8  i s  p r e c e d e d  by l e n g t h e n i n g  o f  B 3  i n  M, 5 a n d  
7. This lengthening  is  g r e a t e r  than i n  o t h e r  con tex t s  w i t h i n  t h e  32 ba r s .  
Thus,  t h e s e  b e a t s  ( B  3 and B 4 o f  t h e  s i x )  a r e  c l e a r l y  c o n t r a s t e d .  The 
a v e r a g e  r a t i o  be tween  t h e s e  b e a t s  i s  1.57 : 1 ,  and 1.38 : 1 b e t w e e n  t h e  
neighbouring eighth-notes .  However, t h i s  c o n t r a s t  a t  t h e  same time means 
a compensation. The summed d u r a t i o n  of t h e  two b e a t s  under  d i s c u s s i o n  i s  
a round  90  % of two m e c h a n i c a l  b e a t s .  Compensa t ions  o f  t h i s  and  s lmi l a r  
types  occur  throughout and a r e  an i nhe ren t  c o n s t i t u e n t  o f  t h e  h i e r a r c h i -  
c a l  l a y e r s  o f  SYVARD phenomena. 

Concluding Remarks 

Although t h e  t i t l e  of  t h i s  paper i s  "Analysis and s y n t h e s i s  of  m u s i c a l  
rhythm", i t  is  c l e a r  from t h e  above demons t ra t ions  and d i s c u s s i o n s  t n a t  
i t  d e a l s  n o t  l1onlyI1 w i t h  rhy thm b u t  a l s o  w i t h  many a s p e c t s  o f  m u s i c  
performance i n  gene ra l  and t h e i r  e f f e c t s  on t h e  expe r i ence  of  music. 



In  f a c t ,  rhythm cannot be s t u d i e d  s e p a r a t e l y  from o t h e r  components of 

music,  a s  i l l u s t r a t e d  many times above, and t h e  t r a d i t i o n a l  s e p a r a t i o n  of  

rhythm, melody, harmony, t i m b r e  e t c .  is a  s i m p l i s t i c  p o i n t  o f  v iew,  t h a t  
may conceal  impor t an t  psychologica l  r e a l i t i e s  i n  music. 

The i n t e r p l a y  between ana lys ing  performed music and us ing  s y n t h e s i s  i n  
o r d e r  t o  s i n g l e  o u t  and s t u d y  t h e  e f f e c t s ,  t h a t  v a r i o u s  p e r f o r m a n c e  

f e a t u r e s  has  on t h e  experience,  is a  cha l l eng ing  and f a s c i n a t i n g  e n t e r -  
p r i s e ,  wh ich  h a s  been  made p o s s i b l e  o n l y  r e c e n t l y  t h r o u g h  i m p o r t a n t  
t e c h n i c a l  a d v a n c e s .  We a r e  o n l y  i n  t h e  b e g i n n i n g  o f  t h i s  e n t e r p r i s e ,  
which  o f f e r s  s o  many p o s s i b i l i t i e s  b u t  a l s o  p o s e s  many new p r o b l e m s .  

Among t h e s e  p r o b l e m s  a r e  t h e  d i f f i c u l t i e s  t o  f i n d  a d e q u a t e  m e t h o d s  t o  
s tudy  hopw music is experienced (Swedish: ~ m u s i k u p p l e v e l s e n ~ )  i n  a l l  i t s  

r i c h n e s s  and  s u b t l e t y .  We have  t o  f i n d  new and  b e t t e r  m e t h o d s  f o r  t h i s  
purpose i n  o r d e r  t o  achieve a  deeper  understanding o f  t n e  r e l a t i o n s h i p s  

be tween  p e r f o r m a n c e  and e x p e r i e n c e .  Many a s p e c t s  o f  t h e  m u s i c a l  expe-  
r i e n c e ,  e.g. t h e  motion c h a r a c t e r  o f t e n  r e f e r r e d  t o  above, a r e  e l u s i v e  t o  
ve rba l  responses  and probably r e q u i r e  va r ious  non-verbal methods s t i l l  t o  
be deve loped .  An i n t e r e s t i n g  example  i s  t h e  s o - c a l l e d  s e n t o g r a p h y  de-  
s c r i b e d  i n  t h e  paper by Clynes i n  t h i s  volume. 

Even w i t h  t h e  p r e s e n t  c r u d e  methods  w e  n o t e  a n  i n t e r e s t i n g  c i r c u m -  
s t a n c e  : performances which we judge a s  tlgoodlt, " typ ica l t1 ,  I tnatural t t  e t c .  
a r e  o f t e n  ex t remely  complex when w e  de sc r ibe  them i n  terms o f  phys i ca l  
v a r i a b l e s  s u c h  a s  d u r a t i o n s ,  a m p l i t u d e s ,  e n v e l o p e s  and  s o  on. On t h e  
o t h e r  hand ,  p h y s i c a l l y  ~ s i m p l e t t  sound  s e q u e n c e s  - m e c h a n i c a l  d u r a t i o n  

r e l a t i o n s ,  cons t an t  ampl i t udes ,  c o n s t a n t  e n v e l o p e s ,  s p e c t r a  e t c .  - a r e  
u s u a l l y  e x p e r i e n t i a l l y  awkward. One i s  a l m o s t  t e m p t e d  t o  t h i n k  o f  a n  
i n v e r s e  r e l a t i o n  be tween  p h y s i c a l  and p s y c h o l o g i c a l  v s i m p l i c i t y t l :  t h e  
p h y s i c a l l y  t l s i m p l e n  i s  p s y c h o l o g i c a l l y  " u n n a t u r a l / n o t  s imple t t ,  and trie 

psychologica l ly  "na tura l / s impleV i s  p h y s i c a l l y  complex .  T h i s  a d m i t t e d l y  
s t r e t c h e s  t h e  meaning of "s implew i n  va r ious  ways and is a l s o  s i m p l i s t i c  

i n  o t h e r  r e s p e c t s .  However,  i t  i s  e v i d e n t  t h a t  c o n v e n t i o n a l  p h y s i c a l  
measures a r e  no t  adequate when s tudying  t h e  p e r c e p t u a l - e x p e r i e n t i a l  phe- 

nomena encountered here.  The need f o r  a l t e r n a t i v e  d e s c r i p t i v e  sys tems  is 
obvious,  and t h e  ana lys i s - syn thes i s  i n t e r p l a y  may be a  t o o l  t o  approach 
t h e s e  problems a s  w e l l  a s  many o the r s .  
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Abbreviat ions 

Add. An "add i t i on  f a c t o r m  added a t  a  h ighe r  m e t r i c a l  l e v e l  o u t s i d e  t n e  
b a s i c  SYVARD a t  a  lower  m e t r i c a l  l e v e l  (cf .  Fig.  10) 

B d e a t .  E1 means bea t  No. 1 ,  B2 bea t  No. 2 etc.  

D Durat ion 

D i i  D u r a t i o n a l  v a r i a b l e s  exp la ined  i n  t h e  sec t ionWDiff ' e ren t  concepts  
Dio of  du ra t i onw and i n  Fig.  1. 
Doi 

M Measure. 32M means 32 measures,  M32 means measure No. 32 
e t c .  

Mn Notated measure 

Mb Behavioral  measure o r  pulse-group 

MM = X Malze l ' s  Metronome va lue  (X bea t s  per  minute)  

msec mi l l i s econds  

SL I S h o r t ( e r ) ,  L o n g ( e r ) ,  I n t e r m e d i a t e .  O t h e r  c o m b i n a t i o n s  u s e d  a r e  
s u c h  a s  LS, SL, S IL  e t c .  

SE Sound event  ( t o n e  o r  r e s t )  

SYVARD Systematic  v a r i a t i o n ( s )  of  d u r a t i o n  pa rame te r ( s )  



WHAT TELLS YOU THE PLAYER I S  MUSICAL? 
An ana lys i s -by-synthes i s  s t udy  of  music performance 

In t roduc t ion  

I n  mus ica l  performance, a s t r i n g  of  no t e  s i g n s  is  g e n e r a l l y  conve r t ed  

i n t o  a sequence o f  tones. I f  t h i s  conversion is made i n  a simple-minded 

way, e g by apply ing  a one-to-one r e l a t i o n s h i p  between t h e  n o t a t i o n  and 
t h e  sound s e q u e n c e  by means o f  a c o m p u t e r ,  t h e  r e s u l t  i s  m u s i c a l l y  a 
d i s a s t e r .  This  f a c t  r a i s e s  a ques t ion :  what a r e  t h e  i d e a l  o r  a c c e p t a b l e  
r e l a t i o n s h i p s  i n  music p r a c t i s e  between t h e  no te  s i g n s  and t h e i r  c o r r e -  
sponding a c o u s t i c  s i g n a l s ?  The p re sen t  paper is an  a t t e m p t  t o  c o n t r i b u t e  
t o  t h e  answer t o  t h a t  ques t i on  by fo rmula t ing  r u l e s  f o r  t h e  convers ion  o f  
no t e  s i g n s  i n t o  tone  sequences. 

Method 

Two s t r a t e g i e s  a r e  a v a i l a b l e  i n  an i n v e s t i g a t i o n  o f  t h i s  kind: measu- 
r e m e n t s  a n d / o r  s y n t h e s i s - b y - r u l e .  Prev ious  s t u d i e s  of mus i ca l  p e r f o r -  
mance have revea led  an a lmos t  overwhelming complexi ty  ( s e e  e g Seashore ,  
1938; Bengtsson & Gabrielsson,  1975), a s  expected. This  s u g g e s t s  t h a t  t h e  
r u l e s  r e l a t i n g  n o t a t i o n  t o  sounding music can be assumed t o  be numerous 
and i n t e r a c t i n g .  This  imp l i e s  t he  need f o r  a l a r g e  amount of  measurements  

b e f o r e  any  c o n c l u s i o n s  can  be drawn r e g a r d i n g  t h e  u n d e r l y i n g  r u l e s .  
Moreover, t h e  pedagogical and a r t i s t i c  exper ience  of  one o f  t h e  a u t h o r s  

(LF) had genera ted  a number of  hypotheses  regard ing  such r u l e s .  For t h e s e  
reasons  t h e  synthes i s -by- ru le  s t r a t e g y  was prefer red .  

A s  i n  a p r e v i o u s  s t u d y  o f  m u s i c a l  p e r f o r m a n c e  f o c u s s i n g  on s i n g i n g  
(Sundberg, 1978) a computer-control led vowel s y n t h e s i z e r  was used (IIMUS- 
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SEu, s e e  L a r s s o n ,  1977).  The s y n t h e s i z e r  can  g e n e r a t e  o n e  p a r t  on ly .  I n  
t h e  p re sen t  experiment  t h e  s i g n a l  c h a r a c t e r i s t i c s  were a d j u s t e d  s o  a s  t o  

be s i m i l a r  t o  t h e  t i m b r e  o f  a wind i n s t r u m e n t  a n d  a l s o  a v e r y  s m a l l  
v i b r a t o  was used. The fundamental f requenc ies  were i n  accordance w i t h  t n e  

equa l ly  tempered s c a l e ,  but  could be modified i n  s t e p s  o f  7 c e n t s ,  which 

is c l o s e  t o  one d i f f e r e n c e  l imen f o r  frequency i n  normal  s u b j e c t s  (Rakow- 
s k i ,  1971). The ampl i tude  was c o n t r o l l e d  i n  s t e p s  o f  1/4 dB. The d u r a t i o n  
was c o n t r o l l e d  i n  s t e p s  o f  a t i m e  u n i t  c o r r e s p o n d i n g  t o  .8 t o  1.2 c s e c  
depending on t h e  tempo, which is  a c c u r a t e  enough acco rd ing  t o  measure- 
ments by van Noorden (1975). The computer programs used f o r  c o n t r o l l i n g  
t h e  s y n t h e s i z e r  were (1) a n o t a t i o n  program (Askenfe l t ,  1979) by means of  
which t h e  melody can be w r i t t e n  i n  o rd ina ry  music n o t a t i o n  on t h e  compu- 
t e r  t e r m i n a l  d i s p l a y ;  and (2)  a text-to-speech prOgram w r i t t e n  by Carlson 
and Granstrom (1975). The in fo rma t ion  encoded i n  t h e  n o t a t i o n  is  t r a n s -  
l a t e d  i n t o  Itvowel sounds t t ,  which  p o s s e s s ,  among o t h e r  c h a r a c t e r i s t i c s ,  

d u r a t i o n ,  fundamental frequency and ampl i tude ,  which can be manipulated 
by t h e  r u l e s .  A p a r t  f rom t h e  i n f o r m a t i o n  n o r m a l l y  i n c l u d e d  i n  a m u s i c  
s c o r e ,  s p e c i a l  s i g n s  were  u sed  t o  mark ( a )  c h a n g e s  i n  harmony and  ( b )  
boundaries  between phrases  and sub-phrases. 

Rules 

We w i l l  now p re sen t  t h e  va r ious  r u l e s  t h a t  we have fo rmula t ed  s o  f a r  
(November, 1982). I n  o rde r  t o  i l l u s t r a t e  c l e a r l y  t h e  s i g n i f i c a n c e  of  each 
r u l e ,  sound examples a r e  provided i n  which d i f f e r e n t  melodies  o r  tnemes 
a r e  p l a y e d  s e v e r a l  t i m e s .  I n  mos t  o f  t h e s e  sound e x a m p l e s  o n e  v e r s i o n  
r e p r e s e n t s  t h e  c a s e  t h a t  t h e  d u r a t i o n s  o f  a l l  n o t e s  a r e  n o m i n a l ,  i n  
a n o t h e r  v e r s i o n  t h e  e f f e c t  o f  t h e  r u l e  i s  e x a g g e r a t e d ,  and  i n  a t h i r d  
ve r s ion  t h e  r u l e  has  been app l i ed  i n  accordance w i t h  i t s  fo rmula t ion  i n  
our  r u l e  system. The exac t  con ten t  of  each sound example is  s p e c i f i e d  i n  
t h e  L i s t  of Sound Examples. 

THE H I G H E R ,  THE LOUDER 

The ampl i tude  i s  increased  a s  func t ion  o f  fundamenta l  frequency. The 
amount is  4 dB/octave r i s e  i n  t h e  fundamental f requency ,  s e e  Fig. 1. 



1 octave -4 

Log Fundamental Frequency 

Fig. 1. Schematical  i l l u s t r a t i o n  o f  t h e  r u l e  i n c r e a s i n g  t h e  a m p l i t u d e  of  
a  no te  a s  a  func t ion  o f  its p i tch .  

SHARPENING DURATIONAL CONTRAS'lS 

Short  no te  va lues  a r e  shortened according t o  t h e  v a l u e s  shown i n  Table  

I. No compensation is  made f o r  t h e  r e s u l t i n g  p e r t u r b a t i o n  o f  t h e  mechani- 
c a l  meter. 

Table I. Shortening o f  t he  d u r a t i o n s  f o r  d i f f e r e n t  no t e  v a l u e s .  

Note va lue  Shortening 
c sec  % 

Six t een th  -0.5 -3.1 
Eighth -1 .O -3.1 
Q u a r t e r  -1 .O -1 .6 
Ha1 f  0 0 
Whole 0 0 

SHORTENING LOWER NOTE I N  RISING INTERVAL 

The d u r a t i o n  of a  no te  i n i t i a t i n g  a  r i s i n g  i n t e r v a l  i s  decreased by 1 

c s e c ,  s e e  F ig .  2. I n  s e q u e n c e s  o f  r i s i n g  i n t e r v a l s  t h e  r u l e  h a s  t h e  

e f f e c t  of r a i s i n g  t h e  tempo somewhat. A s  be fore ,  no compensat ion is  made 

f o r  t h e  r e s u l t i n g  p e r t u r b a t i o n s  of  t h e  meter. 



Fig. 2. I l l u s t r a t i o n  o f  t h e  e f f e c t  o f  t h e  r u l e  wh ich  s h o r t e n s  t h e  
d u r a t i o n s  of  no t e s  i n i t i a t i n g  a  r i s i n g  melodic  l e a p  by 1 csec.  

LENGTHENING TARGET NOTE I N  LEAPS 

The d u r a t i o n  o f  t o n e s  t e r m i n a t i n g  a  s i n g l e  m e l o d i c  l e a p  o f  a g i v e n  

d i r e c t i o n  i s  s h o r t e n e d .  The amount  i s  0.6*11/2 ( c s e k ) ,  whe re  I i s  t h e  
s i z e  of t h e  i n t e r v a l  i n  semi tones ,  s e e  Fig. 3. 

Fig.  3. I l l u s t r a t i o n  o f  t h e  e f f e c t  of t h e  r u l e  wh ich  l e n g t h e n s  t h e  
du ra t i on  of  a  note  t e r m i n a t i a g  a  s i n g l e  melodic  l e a p  i n  a g iven  
d i r e c t i o n .  

PAUSES I N  LEAPS 
The a m p l i t u d e  o f  t h e  f i n a l  p o r t i o n  o f  t h e  t o n e  i s  d e c r e a s e d  a t  a  

cons t an t  r a t e .  The s t a r t  of t h i s  ampl i tude  dec rease  occu r s  a t  0.5*1 csek  

f rom t h e  end o f  t h e  n o t e ,  and t h e  f i n a l  a m p l i t u d e  v a l u e  i s  3 * I  dB be low 
t h e  i n i t i a l  a m p l i t u d e ,  where  - I i s  t h e  i n t e r v a l  s i z e  i n  s e m i t o n e s .  The 



e f f e c t  o f  t h i s  r u l e  i s  n e g l i g e a b l e  f o r  n a r r o w  i n t e r v a l s  b u t  i s  q u i t e  

n o t i c e a b l e  f o r  wide i n t e r v a l s ,  see Fig. 4. 

t = . 5 - I  (csek) 
a =  3 - I  (dB) 

t i m e  

Fig.  4. S c h e m a t i c a l  i l l u s t r a t i o n  o f  t h e  r u l e  which i n s e r t s  a m p l i t u d e  de- 
c r e a s e s  t o w a r d s  t h e  e n d  o f  a  n o t e .  The d e c r e a s e  h a s  a c o n s t a n t  
r a t e .  The o n s e t  t i m e  of  t h e  d e c r e a s e  is d e t e r m i n e d  by t h e  i n t e r -  
v a l  between t h e  n o t e  and t h e  f o l l o w i n g  note.  

ACCENTS M A R K I N G  CERTAIN DURATIONAL CONTRASTS 
Accents a r e  d i s t r i b u t e d  t o  c e r t a i n  n o t e s  which c o n s t i t u t e  a c o n t r a s t  

i n  d u r a t i o n  between a d j a c e n t  n o t e s .  The a c c e n t  c o r r e s p o n d s  t o  an  a m p l i -  

tude  e v e n t  w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s .  The a m p l i t u d e  is i n c r e a s e d  

by 6 / D R  dB, where - DR i s  t h e  d u r a t i o n  o f  t h e  n o t e  i n  c s e k ;  t h i s  a m p l i t u d e  

v a l u e  is  reached a f t e r  .I*DR + 3 c s e k  and is k e p t  f o r  7 c s e c s .  T h e r e a f t e r  

t h e  a m p l i t u d e  f a l l s  o f f  t o w a r d s  t h e  i n i t i a l  v a l u e ,  w h i c h  i s  r e a c h e d  a t  
t h e  e n d  o f  t h e  n o t e ,  s e e  F i g .  5. The r u l e  a d d s  s u c h  a n  a c c e n t  t o  t w o  
t y p e s  o f  no tes .  One is  a  s h o r t  n o t e  surrounded by l o n g e r  n o t e s .  The o t h e r  
c a s e  is a  n o t e  t e r m i n a t i n g  a s p e c i f i c  p a t t e r n  o f  changes  i n  d u r a t i o n :  a 



0 Time 

A = 4 0 1 0 ~ ~  ( dB )  

A 2  601 DR3 (dB)  

Fig .  5. S c h e m a t i c a l  i l l u s t r a t i o n  o f  t h e  a c c e n t s  m a r k i n g  c e r t a i n  con-  
trasts i n  n o t e  value .  

d e c r e a s e  f o l l o w e d  by a n  i n c r e a s e .  T h i s  r u l e  h a s  a c l e a r  e f f e c t  p a r t i c u -  
l a r l y  on t h e  s h o r t  n o t e s  a f t e r  a  d o t t e d  no te .  

AMPLITUDE SMOOTHING 

Large s t e p w i s e  changes  o f  a m p l i t u d e  between a d j a c e n t  t o n e s  a r e  e l i m i -  
n a t e d  by add ing  t o  o r  s u b t r a c t i n g  from t h e  l a s t  a m p l i t u d e  v a l u e  o f  e a c h  

t o n e  a c o n s t a n t  c o r r e s p o n d i n g  t o  80% ( i n  l o g .  t e r m s )  o f  t h e  a m p l i t u d e  
d i f f e r e n c e  w i t h  t h e  f o l l o w i n g  n o t e ,  s e e  Fig.  6. 



T ime  

Fig .  6 .  S c h e m a t i c a l  i l l u s t r a t i o n  o f  t h e  r u l e  d e c r e a s i n g  t h e  a m p l i t u d e  
c o n t r a s t s  between a d j a c e n t  no tes .  The l as t  a m p l i t u d e  r e a d i n g  o f  
a  n o t e  is  c o r r e c t e d  by 80% o f  t h e  a m p l i t u d e  d i f f e r e n c e  w i t h  t h e  
f o l l o w i n g  note .  

AMPLITUDE M A R K I N G  H A R M O N I C  DISTANCE 
T h i s  r u l e  g e n e r a t e s  c r e s c e n d o s  a n d  d e c r e s c e n d o s .  The t e c h n i c a l i t i e s  

a r e  as  f o l l o w s .  I n  t h e  i n p u t  n o t a t i o n  t h e  c h o r d  c h a n g e s  a r e  m a r k e d  a n d  
e a c h  c h o r d  i s  s p e c i f i e d .  The r u l e  a s s i g n s  t o  e a c h  c h o r d  a v a l u e  c o r r e -  
sponding t o  its harmonic  d i s t a n c e  ( s e e  Fig. 7 ) .  The harmonic  d i s t a n c e  o f  
a  chord e q u a l s  t h e  number o f  chord changes  r e q u i r e d  i n  t r a d i t i o n a l  harmo- 

ny i n  o r d e r  t o  r e a c h  t h e  t o n i c  a g a i n  ( s e e  Sundberg & Lindblom,  1976). By 

m u l t i p l y i n g  t h e  s q u a r e  r o o t  o f  t h i s  harmonic  d i s t a n c e  by 18, a n  a m p l i t u d e  



Fig .  7. D e f i n i t i o n  o f  h a r m o n i c  d i s t a n c e  by m e a n s  o f  t h e  c i r c l e  o f  
f i f t h s .  F o r  a g i v e n  c h o r d  t h i s  d i s t a n c e  e q u a l s  t h e  n u m b e r  o f  
chord changes which i s  r e q u i r e d  i n  t r a d i t i o n a l  harmony i n  o r d e r  
t o  r e a c h  t h e  t o n i c  chord again .  

v a l u e  i s  o b t a i n e d ,  w h i c h  i s  a d d e d  t o  t h e  f i r s t  t o n e  a p p e a r i n g  o v e r  t h e  
chord cons idered .  The same procedure  is  r e p e a t e d  f o r  e a c h  chord.  F i n a l l y ,  
t h e  a m p l i t u d e s  o f  t h e  r e m a i n i n g  t o n e s  are l i n e a r l y  i n t e r p o l a t e d  on a dB- 
s c a l e .  Thereby, t o o  s low c r e s c e n d o s  a r e  avoided by l e t t i n g  t h e  a m p l i t u d e  
remain  c o n s t a n t  u n t i l  1.6 s e c  b e f o r e  t h e  chord change. The end r e s u l t  i s  
c rescendos  c u l m i n a t i n g  on harmonic  changes  i n t r o d u c i n g  a chord  which is 
more  r e m o t e  f r o m  t h e  t o n i c  t h a n  t h e  p r e c e d i n g  c h o r d  a n d  d e c r e s c e n d o s  
end ing  on chords  which a r e  less remote  from t h e  t o n i c  t h a n  t h e  p r e c e d i n g  
c h o r d .  The u p p e r  p a r t  o f  F i g .  8 d e m o n s t r a t e s  how t h e  r u l e  o p e r a t e s  o n  a 
t y p i c a l  cadence. 



CHORD: TONIC SUBDOMIN. DOMINANT TONIC 

HARMONIC DIST: 0 

--l 
-/-l ----L \ 

---'I 
AMPL:  

+l 

AMPL: 

F i g .  8. S c h e m a t i c a l  i l l u s t r a t i o n  o f  t h e  v a r i o u s  s t e p s  w h i c h  g e n e r a t e  
c r e s c e n d o s  a n d  d i m i n u e n d o s .  F i r s t ,  t h e  c h o r d s  a r e  i d e n t i f i e d ,  
and t h e  chord  changes  a r e  marked. Second,  t h e  ha rmonic  d i s t a n c e  
i s  d e t e r m i n e d  f o r  e a c h  n o t e  i n  a c c o r d a n c e  w i t h  Fig.  7. Last, t h e  
ha rmonic  d i s t a n c e  i s  c o n v e r t e d  i n t o  a n  a m p l i t u d e  i n c r e m e n t  which 
i s  a p p l i e d  t o  t h e  f i r s t  n o t e  a p p e a r i n g  o v e r  a new ha rmony .  
F i n a l l y ,  t h e  a m p l i t u d e  o f  t h e  r e m a i n i n g  n o t e s  a r e  l i n e a r l y  
i n t e r p o l a t e d  on a l o g a r i t h m i c  scale. 



M A R K I N G  TONIC DISTANCE 
The d i s t a n c e  a long  t h e  c i r c l e  of  f i f t h s  from t h e  r o o t  of t h e  t o n i c  is 

d e t e r m i n e d  f o r  e a c h  n o t e .  T h i s  d i s t a n c e  i s  m u l t i p l i e d  by 1.5 f o r  s c a l e  

tones  l o c a t e d  on t h e  subdominant s i d e  of t h e  circle. We have c a l l e d  t h e  

r e s u l t i n g  v a l u e s  t o n i c  d i s t a n c e s ,  s e e  Fig. 9. By m u l t i p l y i n g  t h i s  t o n i c  
d i s t a n c e  by .5, t h i s  t o n i c  d i s t a n c e  is  converted i n t o  an ampl i t ude  va lue  

which i s  added  t o  e a c h  n o t e .  F o r  example ,  i n  C m a j o r  t o n a l i t y  t h e  p i t c h  
of  F  s h a r p  r e c e i v e s  a  r a t h e r  l a r g e  ampl i tude  i n c r e a s e ,  wh i l e  t h e  p i t c h  o f  
G r e c e i v e s  a  neg l igeab le  increase .  The r u l e  is i l l u s t r a t e d  i n  t h e  lower  
h a l f  o f  F i g  8. 

LENGTHENING FIRST NOTE AFTER CHORD CHANGE 

The f i r s t  n o t e  a p p e a r i n g  o v e r  a  new harmony i s  l e n g t h e n e d  by t h e  
number of  c s e c  which corresponds t o  t h e  harmonic d i s t a n c e  o f  t h e  under- 

l y i n g  c h o r d .  

FINAL LENGTHENING 
I n  t h e  i n p u t  n o t a t i o n  p h r a s e s  and s u b p h r a s e s  a re  marked by s p e c i f i c  

s i g n s .  The r u l e  a d d s  4 c s e c  t o  t h e  n o t e  t e r m i n a t i n g  a  p h r a s e .  F o r  n o t e s  
t e r m i n a t i n g  subphrases  t h e  l a s t  1 c sec  is used f o r  a  pause. 

Discussion 

Of c o u r s e ,  more p e r f o r m a n c e  r u l e s  t h a n  t h o s e  p r e s e n t e d  a b o v e  e x i s t ,  

p a r t i c u l a r l y  i f  we t u r n  t o  t h e  performance of  mu l t i phon ic  music. Also, w e  
do no t  p re tend  t h a t  t h e  p re sen t  fo rmula t ion  o f  t h e  r u l e s  is d e f i n i t e  nor 

t h a t  a l l  of  them possess  g e n e r a l i t y .  

We have not  t r i e d  t o  model t h e  mu l t i t ude  o f  c h o i c e s  which is a v a i l a b l e  
t o  t h e  l i v i n g  m u s i c i a n  and wh ich  a l l o w s  him t o  p l a y  t h e  same p i e c e  i n  
many d i f f e r e n t  ways, a l l  of which a r e  e q u a l l y  a c c e p t a b l e  from a mus ica l  
p o i n t  o f  v i ew .  On t h e  o t h e r  hand ,  t h e r e  would be  many p o s s i b i l i t i e s  t o  
i nc lude  such a  l i b e r t y .  For i n s t a n c e ,  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  where 
t h e  boundaries  a r e  between phrases  and subphrases  w i l l  r e s u l t  i n  d i f f e -  
r e n t  performances. It a l s o  may be t h a t  t h e  q u a n t i t y  o f  t h e  e f f e c t  o f  t h e  

r u l e s  may vary from one performance t o  t h e  o the r .  We a l s o  would l i k e  t o  



F i g .  9 .  D e f i n i t i o n  o f  t o n i c  d i s t a n c e  o f  t h e  v a r i o u s  s c a l e  t o n e s .  F o r  
t o n e s  l y i n g  o n  t h e  d o m i n a n t  s i d e  o f  t h e  t o n i c  o n  t h e  c i r c l e  o f  
f i f t h s ,  t h e  t o n i c  d i s t a n c e  i s  t h e  n u m b e r  o f  f i f t h s  s e p a r a t i n g  
t h e  n o t e  f r o m  t h e  r o o t  o f  t h e  t o n i c .  F o r  t o n e s  on t h e  s u b -  
d o m i n a n t  s i d e  o f  t h e  t o n i c ,  t h e  t o n i c  d i s t a n c e  i s  t h e  s a m e  
number m u l t i p l i e d  by 1.5. 

d e c l a r e  t h a t  we do n o t  b e l i e v e  t h a t  o u r  performance r u l e s  must  a l w a y s  be  

obeyed i n  a  good performance.  On t h e  c o n t r a r y ,  s u c h  a  p e r f o r m a n c e  may b e  
b o r i n g  i n  t h e  l o n g  run.  We b e l i e v e  t h a t  m u s i c i a n s  s h o u l d  v i o l a t e  one o r  
more  o f  t h e  p e r f o r m a n c e  r u l e s  a s  as  s o o n  as  t h e y  w a n t  t o  c o m m u n i c a t e  
someth ing  i n  p a r t i c u l a r  o r  e x c i t e  t h e  aud ience  by means o f  a s u r p r i s e .  



I n  o u r  work f o r m u l a t i n g  r u l e s  we have  had t h e  e x p e r i e n c e  t h a t  t h e  
q u a n t i t y  of  ampl i tude  o r  d u r a t i o n  is h ighly  c r i t i c a l  by which a r u l e  is 
a f f e c t i n g  a  s p e c i f i c  note.  Even when t h e  e f f e c t  i s  on ly  s l i g h t l y  exagge- 
r a t e d ,  i t  becomes o v e r - e x p l i c i t  and e m b a r r a s s i n g ,  as t h e  r e a d e r  m i g h t  

have experienced when l i s t e n i n g  t o  t h e  exaggerated v e r s i o n s  o f  t h e  sound 
examples. The mus ica l ly  u s e f u l  q u a n t i t y  appears  t o  be one, which is j u s t  

n o t i c e a b l e  b u t  n o t  i d e n t i f i a b l e .  P e r h a p s  t h i s  i s  s o m e t h i n g  wh ich  i s  

e s s e n t i a l  f o r  a r t  i n  genera l :  we do not  want t o  be d i s t u r b e d  by informa- 

t i o n  about  t h e  t e c h n i c a l  means producing t h e  p i e c e  of  a r t ,  w e  j u s t  want 

t o  e n j o y  i t .  

The r u l e s  presented above s h a r e  an ad-hoc cha rac t e r .  However, s e v e r a l  

o f  them seem r e l a t e d  t o  psychoacoust ic  o r  o t h e r  t y p e s  of a l r e a d y  e x i s t i n g  
evidence. The p r i n c i p l e  o f  l engthening  t h e  n o t e  which t e r m i n a t e s  a  l e a p  
might r e f l e c t  c e r t a i n  e f f e c t s  s t u d i e d  by van Noorden (1975); t h e  d i s rup -  
t i o n  of  a  melodic  l i n e ,  which is  o f t e n  t h e  r e s u l t  of a  wide melodic  l e a p ,  
c a n  be e l i m i n a t e d  by s l o w i n g  t h e  tempo. A s i m i l a r  e f f e c t  m i g h t  be  ob- 
t a i n e d  i f  t h e  tone  t e r m i n a t i n g  t h e  l e a p  is  lengthened. 

Some r u l e s  a p p e a r  t o  have  o t h e r  t y p e s  o f  o r i g i n  i n  t h a t  t h e y  seem t o  
s e r v e  d i f f e r e n t  purposes a s s o c i a t e d  w i t h  t h e  p sycho log ica l  p roces s  i nvo l -  

ved i n  mus ica l  communication. One group of  r u l e s  seem t o  app ly  t o  n o t e s  
which i n  some r e s p e c t s  a r e  more o r  l e s s  s u r p r i s i n g  t o  t h e  l i s t e n e r .  It is 

a s  i f  t h e  p l aye r  wanted t o  po in t  ou t  t o  t h e  l i s t e n e r  t h a t  he/she does no 
mistake i n  p lay ing  t h i s  unexpected note.  Examples of  such llno-mistake!ll- 

r u l e s  may be t h e  lengthening  of  t h e  t a r g e t  no t e  i n  l e a p s ,  t h e  ampl i t ude  
i n c r e a s e s  on n o t e s  w i t h  h i g h  t o n i c  d i s t a n c e ,  t h e  c r e s c e n d o s  t o w a r d s  
harmonical ly  remote harmonies,  t h e  accen t s  on s h o r t  n o t e s  surrounded by 
l o n g  n o t e s ,  and t h e  l e n g t h e n i n g  o f  t h e  f i r s t  t o n e  a p p e a r i n g  a f t e r  a  
change i n  harmony. Genera l ly ,  t h e  r u l e  g e n e r a t e s  c rescendos  c u l m i n a t i n g  
a t  c h o r d s  w i t h  t h e  f u n c t i o n  o f  a  dominan t  and  d e c r e s c e n d o s  t o  t h e i r  

f o l l owing  Vest chords". A s  such sequences o f  dominant chord - rest chord 
a r e  used t o  mark - among o t h e r  t h i n g s  - t h e  t e r m i n a t i o n  o f  ph ra se s  and 

subphrases  i n  s imple  t unes ,  t h i s  r u l e  o f t e n  has  t h e  e f f e c t  o f  marking t h e  
melody s t r u c t u r e  (c f  Sundberg & Lindblom, 1976). 

A s econd  g r o u p  o f  r u l e s  a p p e a r s  t o  s e r v e  t h e  p u r p o s e  o f  b r i n g i n g  t h e  

s y n t h e s i s  i n  reasonably c l o s e  agreement wi th  t h e  sound of  music as played 
on a  t r a d i t i o n a l  ins t rument  ( i nc lud ing  t h e  human voice) .  The r u l e  i n c r e a -  



s i n g  t h e  a m p l i t u d e  w i t h  p i t c h  is  a  good example,  a s  t h i s  is a c h a r a c t e r i -  
s t i c  which most t r a d i t i o n a l  i n s t r u m e n t s  s h a r e .  It i s  a l s o  p o s s i b l e  t h a t  

t h e  r u l e  i n s e r t i n g  pauses  i n  wide l e a p s  r e f e r s  t o  a g e n e r a l  c h a r a c t e r s t i c  
o f  many i n s t r u m e n t s ;  f o r  i n s t a n c e ,  t h e  f i n g e r s  have t o  b e  moved a l a r g e  
d i s t a n c e  on  t h e  f i n g e r b o a r d ,  when w i d e  l e a p s  a r e  b e i n g  p e r f o r m e d ,  a n d  
t h i s  would g i v e  r i s e  t o  small pauses.  

A t h i r d  g r o u p  o f  r u l e s  a p p e a r s  t o  t a k e  i n t o  c o n s i d e r a t i o n  d i f f e r e n t  

k i n d s  o f  a s s o c i a t i o n s ,  which a l i s t e n e r  is l i k e l y  t o  e x p e r i e n c e  by l i s te-  
n i n g  t o  t h e  m u s i c .  Even t h o u g h  n o t  i n c l u d e d  i n  t h e  p r e s e n t  s t u d y ,  t h e  
f i n a l  r e t a r d  r e p r e s e n t s  a c l a s s i c a l  e x a m p l e  o f  t h i s  ( s e e  S u n d b e r g  & 

V e r r i l l o ,  1980).  A p p a r e n t l y ,  i t  would b e  p e r f e c t l y  p o s s i b l e  t o  e n d  a 
p i e c e  o f  motor music  w i t h o u t  a r e t a r d .  However, i f  t h e  mus ic  remind t h e  
l i s t e n e r  o f  p h y s i c a l  m o t i o n ,  a r e t a r d  is  n e e d e d ,  b e c a u s e  w e  know f r o m  

e x p e r i e n c e  w i t h  e. g. runn ing  t h a t  p h y s i c a l  motion is p r e f e r a b l y  s l o w e d  
down b e f o r e  i t  s t o p s .  It is p o s s i b l e  t h a t  t h e  a c c e l e r a n d o  i n  s e q u e n c e s  o f  
r i s i n g  i n t e r v a l s  i s  a n o t h e r  e x a m p l e ;  i f  p i t c h  i n c r e a s e s  t e n d  t o  c a u s e  
a s s o c i a t i o n s  w i t h  upward p h y s i c a l  mot ion,  and v i c e  v e r s a ,  t h e n  a tempo 
i n c r e a s e  i n  n u p h i l l l l  mot ion migh t  in fo rm t h e  l i s t e n e r  t h a t  t h e  m o t i o n  is  
performed w i t h o u t  s t r a i n .  

Every music l i s t e n e r  would be b i a s e d  from h i s / h e r  a c q u a i n t a n c e  w i t h  

s p e e c h .  I n  o t h e r  w o r d s ,  i n  t r y i n g  t o  d e c o d e  t h e  s e q u e n c e  o f  a c o u s t i c  
s i g n a l s  a music l i s t e n e r  is  l i k e l y  t o  make use  o f  h i s / h e r  s k i l l  i n  d o i n g  
t h e  same t h i n g  i n  a speech l i s t e n i n g  s i t u a t i o n .  The fact  t h a t  s p e e c h  and  
music bo th  r e p r e s e n t  s y s t e m a t i z e d  in terhuman communicat ion by means o f  
a c o u s t i c  s i g n a l s  s u g g e s t  t h a t  t h e y  s h a r e  some of  t h e  code.  I n  s p e e c h  t h e  
f i n a l  l eng then ing  seems t o  be a  p r i n c i p l e  o f  g r e a t  g e n e r a l i t y  (Lindblom,  
1978). Th is  means t h a t  most l i s t e n e r s  a r e  i n c l i n e d  t o  i n t e r p r e t  l e n g t h e -  
n i n g  as  a  s i g n  o f  t e r m i n a t i o n .  T h i s  m i g h t  be  t h e  b a c k g r o u n d  o f  t h e  r u l e  
which l e n g t h e n s  t h e  l a s t  t o n e  i n  phrases .  

It is  i n t e r e s t i n g  t o  n o t e  t h a t  many r u l e s  appear  t o  h a v e  a n  e x t r a m u s i -  

c a l  background .  T h i s  s u g g e s t s  t h a t  m u s i c  c o m m u n i c a t i o n  r e q u i r e s  b o t h  
i n t r a -  a n d  e x t r a m u s i c a l  e x p e r i e n c e  f r o m  t h e  p a r t  o f  t h e  l i s t e n e r .  We 

b e l i e v e  t h a t  f u r t h e r  r e s e a r c h  on t h i s  background w i l l  be i n t e r e s t i n g  a n d  
rewarding.  



I n  summary, then ,  it seems p o s s i b l e  t o  imagine p l a u s i b l e  backgrounds 

and purposes behind s e v e r a l  of  our  r u l e s ,  i n  s p i t e  of  t h e  ad-hoc-origin 

o f  t h e s e  r u l e s .  

Conclusions 

From t h e  above we conclude t h e  fo l l owing  

(1) It is p o s s i b l e  t o  improve t h e  mus ica l  a c c e p t a b i l i t y  of  a performance 

by apply ing  a l i m i t e d  s e t  o f  "pronunciation" r u l e s .  

( 2 )  Such r u l e s  c a n  be d i s c o v e r e d  by means o f  a n  a n a l y s i s - b y - s y n t h e s i s  

approach. 

(3 )  Such a n  a p p r o a c h  e n a b l e s  u s  t o  f o r m u l a t e  new h y p o t h e s e s  as t o  how 
t h e  r u l e s  proposed should be complemented and t h u s  t o  c o n t r i b u t e  t o  

knowledge about  and s c i e n t i f i c  understanding o f  music. 

(4) Some of  t h e  r u l e s  seem t o  r e v e a l  b a s i c  r equ i r emen t s  f o r  mus i ca l  com- 

munication. 
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SUMMARY 

Boyond what i s  s p e c i f i e d  i n  t h e  s c o r e ,  v i t a l  mus ica l  communicat ion 
demands t h e  c r e a t i o n  o f  v a r i e d ,  s u b t l e  and  d i s t i n c t i v e  f o r m s  f o r  
each  m u s i c a l  t o n e ,  f o r m s  whose n a t u r e  and  f u n c t i o n  we a t t e m p t  t o  
e l u c i d a t e .  E x p r e s s i v e  m i c r o s t r u c t u r e ,  e s s e n t i a l  f o r  l i v i n g  a n d  
a u t h e n t i c a l  m u s i c a l  c o m m u n i c a t i o n ,  i s  p r e s e n t  i n  m u s i c a l  thought  
a l s o  a s  an  i n t e g r a l  p a r t  of musica l  s t r u c t u r e .  P r i n c i p a l  f e a t u r e s  o f  
mic ros t ruc tu re  a r e  d i s t i n c t i v e  ampl i tude  shapes  f o r  i n d i v i d u a l  t o n e s  
of a  melody,  and d u r a t i o n  d e v i a t i o n s  f rom t h e  n o t e  v a l u e s  o f  t h e  
score. These were s t u d i e d  w i t h  s i n u s o i d a l  c a r r i e r  t o n e s  t h a t  were 
ampli tude modulated by s o  c a l l e d  Beta Funct ions  t o  s h a p e  t h e  t o n e s  
of melodies of v a r i o u s  composers and u s i n g  a computer  program t o  
s c u l p t  each tone w i t h  h igh  r e s o l u t i o n .  A wide range o f  exp res s ive -  
n e s s  was found t o  be p o s s i b l e  w i t h o u t  t h e  a d d i t i o n a l  f a c t o r s  o f  
t imbre and v ibra to .  The f o l l o w i n g  s y s t e m a t i c  f u n c t i o n s  were d i sco -  
vered : 

1.  Amplitude shapes of i n d i v i d u a l  tones  may be l a r g e l y  de t e rmined  
by t h e  s l o p e  o t  t h e  m e l o d i c  c o n t o u r ,  i. e. by t h e  s l o p e  o f  t h e i r  
e s s e ~ t i c  form. An e q u a t i o n  i s  g i v e n  ( and  i l l u s t r a t e d  by  c o m p u t e r  
r e a l i z a t i o n s )  t h a t  p r e d i c t s  a p p r o p r i a t e  a m p l i t u d e  s h a p e s  f o r  t h e  
ind iv idua l  tones  of any melody from i t s  s t r u c t u r e .  M u s i c a l  i l l u s t r a -  
t i o n s  a r e  given from v a r i o u s  composers from J. S. Bach t o  P. Tchai- 
kowsky. The f o r m s  a p p e a r  t o  g r e a t l y  i n c r e a s e  t h e  m u s i c a l i t y  o f  
phrasing and even of s c a l e  passages.  

2. Composeres i n d i v i d u a l  pu l se  forms a r e  seen  t o  produce  charac-  
t e r i s t i c  m i c r o s t r u c t u r e  i n  t h e i r  m u s i c  i n  t e r m s  o f  t h e  r e l a t i v e  
a m p l i t u d e  s i z e  o f  t h e  component  t o n e s  w i t h i n  a  p u l s e  a n d  o f  t h e i r  
du ra t ion  devia t ions .  Pu l se  m a t r i x  va lues  t h a t  d e t e r m i n e  t h i s  micro-  
s t r u c t u r e  a r e  given f o r  Beethoven, Mozart and Schubert .  

These two func t ions ,  t o g e t h e r  w i t h  micropauses,  a p p e a r  t o  com- 
p r i s e  a  major p a r t  of mic ros t ruc tu re .  The r o l e  of t i m b r e  i n  expres-  
s iveness  can now be i n v e s t i g a t e d  from a  c l e a r e r  p e r s p e c t i v e .  

The express ion  of e s s e n t i c  form of a  s p e c i f i c  q u a l i t y  o f  f e e l i n g  
through p i tch- t ime r e l a t i o n s h i p  i s  s t r e n g t h e n e d  by i t s  c o n c u r r e n t  
e x p r e s s i o n  a s  a n  a m p l i t u d e  fo rm - l i n k i n g  p e a k s ,  i n  f a s t e r  m u s i c ,  
and as i n d i v i d u a l  tone ampl i tude  shapes i n  s l o w e r  music.  

Computer performances a r e  presented  of melodies  of v a r i o u s  compo- 
s e r s ,  s p e c i f i e d  mathemat ica l ly  i n  v e r i f i a b l e  form, w i t h  mic ros t ruc -  
t u r e  entered according t o  musica l  f e e l i n g ,  and a s  c a l c u l a t e d  by t h e  
computer  based  on t h e  r e l a t i o n s h i p s  g i v e n .  The c o m p u t e r  p r o g r a m  
a p p e a r s  t o  be a b l e  t o  p l a y  a r t i s t i c a l l y  any  m e l o d i e s  by M o z a r t ,  
Beethoven, and Sch~ tbe r t  accord ing  t o  a u t h e n t i c ,  moving s e n s i t i v i t y  
and s u b t l e t y  - which  a p p e a r s  t o  c o n f i r m  t h e  m u s i c a l  v a l i d i t y  a n d  
understanding of t h e  r e l a t i o n s h i p  and p r i n c i p l e s  given. 



I INTRODUCTION 

This  paper  is  a  r e s u l t  of a  cont inuing  search  - e v e r  more impor t an t  i t  
seems - f o r  how a  p h r a s e  o f  s u p e r b l y  e x p r e s s e d  m u s i c  h a s  t h e  power  t o  

change t h e  s t a t e  of a  l i s t e n e r ,  whi le  l e s s  w e l l  expressed music does not  

- how a  seemingly s m a l l  d i f f e r e n c e  i n  express ion  can  make a  b i g  d i f f e r e n -  

c e  i n  t h e  power  of  communica t ion .  F u n c t i o n s  c o n s i d e r e d  i n  t h i s  p a p e r  

appear t o  c o n t r i b u t e  t o  t h i s  power. 

That Music i s  i n f i n i t e l y  more s u b t l e  than can be no ta t ed  i n  a musica l  

s co re  i s  known t o  every musician. Many s u b t l e t i e s  a r e  requi red  t o  be read 

i n t o  t h e  s c o r e ,  some of  t h e s e  by a c c e p t e d  c o n v e n t i o n ,  b u t  mos t  t h r o u g h  

t h e  i n t e r p r e t i v e  powers of t h e  performer. Recent s t u d i e s  ( ~ u n d b e r ~  1982, 

1980, 1977, t h i s  volume, Bengtsson and Gabr ie l sson  1980, 197'7, Gabr i e l s -  

son 1982, 1979 t h i s  volume, Clynes and Nettheim 1982, Clynes and Walker 

1982) have  been  conce rned  w i t h  a s p e c t s  o f  t h e s e  f u n c t i o n s .  O t h e r s  h a v e  

s tud ied  r e l e v a n t  temporal motor performance c h a r a c t e r i s t i c s  ( ~ i c h o n  1974, 

19v7,  P o v e l  1976,  S c h a f f e r  1981,  1980,  V i v i a n i  a n d  T e z u o l o  1 9 8 0 ,  Wing 

1977). " F i d e l i t y  t o  t h e  score" i s  thus  seen a s  a  neces sa ry  homage t o  t h e  

composer, bu t  not  a  s u f f i c i e n t  one. Clear ly ,  t h e r e  i s  an  o rgan ic  h i e r a r -  

chy of s t r u c t u r e ,  from the  minute s t r u c t u r a l  d e t a i l s  w i t h i n  each  tone  t o  

t h e  l a r g e s t  r e l a t i o n  be tween  component p a r t s  o f  t h e  music .  I n  t h e  b e s t  

p e r f o r m a n c e s  t h i s  o r g a n i c  h i e r a r c h y  i s  r e v e a l e d ,  a s  a  h i g h e r  l e v e l  f i -  

d e l i t y  t o  t he  composer. 

Rega rd ing  d e t a i l e d  r e q u i r e m e n t s  of  p e r f o r m a n c e s  (and o f  m u s i c a l  

thought) i n  r e l a t i o n  t o  what i s  w r i t t e n  i n  t h e  s c o r e  we may note:  

a)  The musical score  does not  s p e c i f y  the  r e l a t i v e  loudness  of i n d i v i d u a l  

no tes ,  e i t h e r  i n  a melody o r  i n  a  chord, w i th  anywhere near  t h e  degree  of 

d i sc r imina t ion  t h a t  the  performer requi res .  

b) Less w e l l  known but o f t e n  even more impor tan t  t o  a  s a t i s f a c t o r y  per- 

formance i s  t h a t  t he  ampli tude contour  of each tone  needs t o  be  i n d i v i -  

dua l ly  shaped i n  accordance wi th  t h e  musical  requirements .  These shapes  

a r e  i n  genera l  completely unspec i f ied ,  y e t  every per former  who has  t he  



f reedom t o  s h a p e  e a c h  t o n e ,  s u c h  a s  a v i o l i n i s t ,  c e l l i s t  o r  s i n g e r  f o r  
I example, does i n  f a c t  c r e a t e  an  ampl i tude  shape f o r  every  performed t o n e  

- some more s a t i s f a c t o r i l y  t h a n  o t h e r s .  A g r e a t  p e r f o r m e r  u s e s  s u c h  

v a r i e d  a m p l i t u d e  s h a p e s  a s  a  p r i n c i p a l  means o f  e x p r e s s i o n .  I n  i n s t r u -  

m e n t a l  mus ic  where  t h i s  i s  n o t  r e a d i l y  p o s s i b l e  (e.g. o r g a n ,  p i a n o ,  

harps ichord) ,  we tend t o  compensate f o r  t h e i r  absence by men ta l ly  imag i -  

ning them from our  understanding of t h e  form of a  theme.* 
c )  F u r t h e r ,  t h e  demands of  a  l i v i n g  o r  v i t a l  p e r f o r m a n c e  i n c l u d e  t h e  
s u b t l e  dev ia t ions  from t h e  temporal  va lues  prescr ibed  i n  t h e  s c o r e  (some 
of which t u r n  out t o  be q u i t e  unsuspected). Ar i thmet ic  r a t i o s  of s i m p l e  

whole numbers such a s  1 ,  1/2, 1/3, 1/4, 1/8, 1/16, 1/32 need t o  be 

emended t o  va lues  t h a t  a r e  i n  some sense  " t ruer"  than t h e s e  va lues  g i v e n  

i n  t h e  sco re  (we s h a l l  try t o  c l a r i f y  t h a t  sense i n  what is  t o  fo l low) .  

* Musicians may a t t empt  t o  i l l u s t r a t e  and approximate t h e s e  shapes (and 
o t h e r  a s p e c t s  of  mic ros t ruc tu re )  through using a p p r o p r i a t e  s y l l a b l e s  f o r  
t h e  tones. This was a  f a v o r i t e  method of  i n s t r u c t i o n  o f  Pablo Casals, '  who 
used it e s p e c i a l l y  t o  demonstrated phrasing s u b t l e t i e s  t o  t h e  o r c h e s t r a  
he was conducting. Arthur Schnabel used a  s i m i l a r  method, bu t  a t t e m p t e d  
t o  use meaningful words a l s o ,  a s  a  l i n g u i s t i c  phrase,  t o  i l l u s t r a t e  t h e  
s u b t l e  p h r a s i n g  and a c c e n t u a t i o n  o f  a theme ( W o l f f ,  1972). Thus w e  may 
note  t he  fo l lowing  c h a r a c t e r i s t i c  of t h e  s y l l a b l e s  used: 

1. Consonant  a t  t h e  b e g i n n i n g ,  e.g. t ,  d ,  1, r ,  p  (may b e  a b s e n t )  
2. C e n t r a l  vowe l ,  a ,  e ,  i ,  o  ( r a r e l y  U) 
3. A u x i l l a r y  vowe l ,  a i ,  e i ,  o r  ya ( i n  t h i s  t h e r e  i s  a  t r a n s i t i o n  i n  t h e  

same tone from t h e  f i r s t  vowel t o  t h e  second) 
4. T e r m i n a t i n g  c o n s o n a n t ,  1, m ,  t ,  p  a s  i n  l a l ,  t a m ,  t a t ,  pam, r a t ,  yam, 

yap o r  a b s e n t  a s  i n  t a ,  l a ,  pa. 
5. F a s t  n o t e s  o f  t h e  same nomina l  d u r a t i o n  a r e  d a  ga  d a  ga ,o r  t a  k a  t a  

ka i n  d u p l e  rhy thm,  o r  da  g a  d a  da  g a  da o r  t a  ka  t a  t a  ka t a  i n  
t r i p l e  rhythm. 

For  example ,  a  p a s s a g e  may end i n  a  "tarn" o r  a  " t a w ,  a  "pam" o r  a  
implying a  d i f f e r e n t  shape. The consonants and vowels used a r e  not  a r b i t -  
r a r y  but f i t  the  express ive  na tu re  of t he  motif.  

See  a l s o  S c h a f f e r ,  1981,  M a r t i n  1972,  Fonagy 1968,  f o r  a s p e c t s  o f  t h e  
tone group a s  prosodic un i t .  



If modern e l e c t r o n i c  f a c i l i t i e s  had been  a v a i l a b l e  t o  e a r l i e r  com- 

posers ,  so t h a t  they would have c l e a r l y  known t h e  v a r i o u s  e x t e n t  of t h e s e  

dev ia t ions ,  a  more p r e c i s e  musical  n o t a t i o n  might perhaps have developed 

f rom t h e  n e e d s  o f  m u s i c a l  e x p r e s s i o n .  One may s u r m i s e  t h a t  t h e o r i s t s  

would have been i n c l i n e d  t o  s tudy  these  d e v i a t i o n s  c a r e f u l l y ,  c e r t a i n l y  

t h e  e x p o n e n t s  o f  t h e  A f f e k t e n l e h r e  i n  t h e  e i g h t e e n t h  c e n t u r y ,  s u c h  a s  

Marpurg, Mattheson, Quantz,  Leopold Mozart, Car1 P h i l l i p  Emmanuel Bach, 

t o  name a  f e w ,  a l l  o f  whom s p e c i f i c a l l y  e m p h a s i z e d  t h e  i m p o r t a n c e  of 

s u b t l e t i e s  o f  i n f l e c t i o n s  t h a t  need  t o  be r e a d  i n t o  t h e  score .*  These 

* Thus Leopold Mozart writes: 
"With h a l f  n o t e s  t h a t  occur among s h o r t e r  va lues ,  t h e  i n v a r i a b l e  custom 
is t o  a t t a c k  them vigorous ly  and then  t o  d imin i sh  t h e  tone  again. Indeed, 
q u a r t e r s  are sometimes played i n  j u s t  t h i s  way. 

And t h i s  i s  ( a l s o )  t h e  e x p r e s s i o n  a c t u a l l y  c a l l e d  f o r  by t h e  compose r  
when he  marks  a  n o t e  w i t h  a n  f  p,  t h a t  i s ,  w i t h  a  f o r t e  p i ano .  But  a f t e r  
t h e  p l a y e r  h a s  v i g o r o u s l y  a t t a c k e d  t h e  n o t e ,  h e  mus t  n o t  l e t  h i s  bow 
l e a v e  t h e  s t r i n g s ,  a s  some c lumsy  p l a y e r s  do;  t h e  s t r o k e  mus t  be  con-  
t inued and consequent ly t he  tone s t i l l  heard, though i t  w i l l  g e n t l y  t a p e r  
o f f .  

- ... The p a r t i c u l a r l y  s t r o n g  no te s  a r e  the  fo l lowing :  i n  every measure, 
t h e  n o t e  b e g i n n i n g  t h e  q u a r t e r ;  i n  t h e  h a l f  m e a s u r e ,  t h e  f i r s t  n o t e ,  o r  
i n  4 /4  t i m e ,  t h e  f i r s t  n o t e  of  t h e  t h i r d  q u a r t e r ;  i n  6/4 and 6/8 t i m e ,  
t h e  f ' i r s t  n o t e s  of  t h e  ' f i r s t  and f o u r t h  q u a r t e r s  ... T h e s e ,  t h e n ,  a r e  t h e  
i n i t i a l  n o t e s  on which  t h e  maximum i n t e n s i t y  o f  t h e  t o n e  w i l l  f a l l ,  
wherever t h e  composer has  i nd ica t ed  no o t h e r  express ion .  

- ... The o t h e r  "good" n o t e s  a r e  t h o s e  wh ich  a r e  a l w a y s  d i s t i n g u i s h e d  
f rom t h e  r e s t  by s l i g h t l y  i n c r e a s e d  i n t e n s i t y ,  b u t  t o  wh ich  t h i s  i n -  
creased i n t e n s i t y  must be very moderately appl ied.  

- ... When s e v e r a l  n o t e s  of  t h i s  s o r t  f o l l o w  one  a f t e r  a n o t h e r ,  s l u r r e d  
two and two ,  t h e  a c c e n t  w i l l  f a l l  on t h e  f i r s t  o f  e a c h  two ,  and  t h i s  
f i r s t  note  w i l l  no t  only be a t t acked  somewhat more v igorous ly  but  w i l l  
a l s o  be sus t a ined  somewhat longer  while  t he  second no te  w i l l  be bound t o  
i t ,  q u i t e  g e n t l y  and q u i e t l y  and somewhat  r e t a r d e d .  I t  o f t e n  h a p p e n s ,  
howeber, t h a t  t h ree ,  fou r  and even more such n o t e s  a r e  bound t o g e t h e r  by 
a  s l u r  o f  t h i s  s o r t .  I n  such  a  c a s e ,  t h e  p l a y e r  mus t  a t t a c k  t h e  f i r s t  o f  
them somewhat more vigorously and s u s t a i n  i t  longer." 

Thus Leopold Mozart. There has been no more p r e c i s e  fo rmula t ion  of t h e s e  
ma t t e r s  u n t i l  our  t ime! 



t e m p o r a l  d e v i a t i o n s  r e l a t e  t o  s t r u c t u r e ,  m e t e r  and  r h y t h m ,  b u t  a s  we 

s h a l l  s e e  a l s o  s p e c i f i c a l l y  and s y s t e m a t i c a l l y  t o  t h e  composer's own 

i n d i v i d u a l i t y  f rom t h e  second h a l f  o f  t h e  e i g h t e e n t h  c e n t u r y  on - i n  

music t h a t  h a s  a  pu lse  o r  beat .  

d) A f u r t h e r  element of music not  p r e c i s e l y  s p e c i f i e d  i n  t h e  sco re  is  t h e  

t imbre  of each tone, and a l s o  

e )  t h e  v a r i a t i o n s  of t imbre  w i t h i n  such tones. Composers s p e c i f y  on what 

ins t ruments  t o  play,  and sometimes a  p a r t i c u l a r  way of per forming  on t h a t  

i n s t r u m e n t ,  b u t  i n s t r u m e n t a l  q u a l i t i e s  v a r y  (e.g. S c h u b e r t  o f t e n  may 

sound b e t t e r  on a  B o e s e n d o r f e r ,  and Chopin on a  S t e i n w a y ;  F r e n c h  o b o e s  

sound d i f f e r e n t l y  f rom German o n e s ) ,  and  f u r t h e r ,  a  good p e r f o r m e r  i s  
a b l e  t o  p roduce  a  c o n s i d e r a b l e  r a n g e  o f  t i m b r e  on e a c h  n o t e  t h a t  i s  

p l a y e d ,  f o r  t h e  m a j o r i t y  o f  i n s t r u m e n t s  ( a  f a c t  t h a t  t e n d s  t o  be neg-  

l e c t e d  i n  c r e a t i n g  the  sound syn thes i ze r  ve r s ions  of "instruments").  For  

example ,  v a r y i n g  t h e  p r e s s u r e  and v e l o c i t y  o f  t h e  bow, o r  l i p  p r e s s u r e  

and wind v e l o c i t y ,  w i t h i n  a  s i n g l e  n o t e  t h e  p e r f o r m e r  c a n  p roduce  n o t  

only v a r i a t i o n s  of loudness but a l s o  v a r i a t i o n s  i n  t imbre  independent ly  

of loudness .  

A l l  o f  t h e s e  v a r i a b l e s  r e m a i n  g e n e r a l l y  u n s p e c i f i e d  i n  most  m u s i c  

scores .  These g ive  the  performer a d d i t i o n a l  freedom, b u t  n o t  a r b i t r a r y  

l icense :  they need t o  be used i n  f i d e l i t y  t o  t h e  composerps music. 

I n  t h e  p r e s e n t  p a p e r  we w i l l  b e  conce rned  w i t h  t h r e e  o f  t h e s e  f i v e  

va r i ab l e s :  

1. Loudness d i f f e r e n c e s  between d i f f e r e n t  tones of a  theme. 

2. D i s t i n c t i v e  ampli tude shapes of the  ind iv idua l  tones  of a  theme. 

7. Tone d u r a t i o n  d e v i a t i o n s  ( f r o m  t h e  v a l u e s  g i v e n  i n  t h e  s c o r e )  f o r  

expressive performance of t hese  melpdies,  and a l s o  those  induced by t h e  

s p e c i f i c  pu lse  of t he  music. 



We will attempt to relate these microstructural requirements to the 
identity and meaning of the music. We will also show aspects of how they 

relate to form; and since form and content are indissoluble in music, to 

shed some light on differences between meaningful and meaningless form, 

exaggerated and insufficient expression. 

We have studied this microstructure by means of a special computer 

program that allows us to shape individual tones and their durations with 

high precision. As we are interested in the three factors of amplitude 

relationship, amplitude shape, and timing, we have deliberately confined 

ourselves to use what appears to be the most reproducible and simplest 
timbre, that is a pure sinusoidal carrier. We also use no vibrato (which 

could be considered a sixth varying function, whose rate and modulation 

depth are further functions of time, and which is partly frequency and 

partly amplitude vibrato in various proportions). At times we make use of 

expressive intonation, i.e. slight alteration of frequency from the well 

tempered scale, such as raised leading tones or a slightly flattened 

minor thirds, where appropriate. Such intonation has a negligible effect 

on amplitude relationships, tone shapes, or durations. 

The degree of expressiveness that is possible using only amplitude 

modulated sinusoids is quite surprising. Our ears appear to be highly 

sensitive to amplitude shape and our memories effortlessly keen in noting 

relative amplitudes (and amplitude shapes) sounded in sequence in a 

musical context - even when the corresponding tones are sounded up to 10 
or 15 seconds apart (with many other tones inbetween). 

This faculty of short term memory for comparing tone amplitudes and 

tone shapes allows us to distinguish between identical forms (mostly 

perceived as monotonous and mechanical) and slightly varying forms. The 

latter, played even a few seconds apart, perceived in relationship to one 

another can produce varied meaning and vitality. These relationships of 

shapes form a microstructure in the music not explicit in the score, but 

vital to its meaningful understanding. It would seem that the micro- 

structure is in fact more effortlessly experienced than the macro- 

structure. Appropriately performed in relation to the larger structure, 



it s a t i s f i e s  t h e  musica l  requi rements  of t r u e  convincing musica l  communi- * 
c a t i o n .  

This  m i c r o s t r u c t u r e  made ev ident  through our  s t u d i e s  is  a l s o  an  essen-  

t i a l  p a r t  o f  m u s i c a l  l o g i c .  I t  i s  q u i t e  s y s t e m a t i c  and  i n t e g r a t e s  

meaningfully w i t h  the  l a r g e r  s t r u c t u r e s  t o  which the  a t t e n t i o n  of music  

theory  has been c h i e f l y  confined (cooper & Meyer, 1960; So ran t in ,  1932; 

B a t e l ,  1974;  S c h e n k e r ,  1935).  We may s a y  t h a t  i t  h e l p s  t o  f l e s h  o u t  t h e  

bones of t he  s t r u c t u r e  of music as seen  by musical t h e o r i s t s ,  and b r i n g s  

music theory a  s t e p  c l o s e r  t o  t h e  r e a l i t i e s  of musica l  performance. The 

warmth of  immed iacy ,  t h e  v e r y  p r o d u c t  o f  t h a t  m i c r o s t r u c t u r e ,  i s  no 

longer  e l imina ted  i n  theory. 

Also, our  s t u d i e s  a r e  a s p e c t s  of a t t empt s  t o  use computers  t o  p e r f e c t  

i n t e r p r e t a t i o n s  o f  g r e a t  m u s i c ,  much l i k e  a  s c u l p t o r  c a n  work o n  h i s  

c r e a t i o n s ,  g r a d u a l l y  p e r f e c t i n g  the  forms over long p e r i o d s ,  t o  a  l e v e l  

of communication l i m i t e d  only by t h e  a r t i s t i c  unde r s t and ing ,  no t  by t h e  

execut ive s k i l l  o f  f i n g e r s ,  arms and l i p s .  

We s h a l l  f i r s t  s tudy  a  number of musical  examples made by t h i s  method, 

t h r o u g h  a  "manual"  s h a p i n g  o f  a m p l i t u d e  s h a p e s  and d u r a t i o n s ,  i . e .  by 

e n t e r i n g  the  parameter  values i n t o  t h e  computer program. We s h a l l  t h e n  

proceed t o  demonstrate  with f u r t h e r  examples two main s y s t e m a t i c  a s p e c t s  

o f  micros t ruc ture .  

1. Amplitude shapes of i n d i v i d u a l  tones a r e  r e l a t e d  t o  t h e  form of  t h e  

melody, i n  p a r t i c u l a r  t o  t h e  s l o p e  o f  t h e  p i t c h  c o n t o u r  ( i . e .  t h e  s l o p e  
--p 

of  t h e  e s s e n t i c  form) .  M u s i c a l  examples  w i l l  be  g i v e n  f o r  wh ich  t h e  

computer c a l c u l a t e s  t he  ampl i tude  shapes according t o  t h i s  r u l e ,  t o  be 

descr ibed.  

2. Ampl i tude  s i z e  of  t o n e s  w i t h i n  a  p u l s e  o r  b e a t ,  2nd t h e i r  d u r a t i o n  

d e v i a t i o n s  a r e  r e l a t e d  t o  a  p u l s e  fo rm s p e c i f i c  f o r  a  compose r  ( t o  be  

-E 
I t  seems t h a t  n e g l e c t  of  d i f f e r e n t  a m p l i t u d e  s h a p e s  o f  i n d i v i d u a l  

tones i s  o f t e n  an  important  c o n t r i b u t i n g  f a c t o r  t o  t h e  l i m i t e d  expres-  
s iveness  of c e r t a i n  synthesized in s t rumen ta l  music and computer  music. 



detailed for a number of composers) which applies to his works. Musical 

examples calculated by the computer according to these functions will be 

given. 

I1 PREVIOUS WORK AS BACKGROUND 

We shall briefly review our previous work that served as a background 

for the present studies (for fuller details see Clynes & Nettheim, 1982; 
Clynes & Walker, 1982; Clynes, 1980, 1977, 1975, 1973, 1969). The studies 

presented in this paper draw on two lines of research: 

A. Studies of essentic form, the dynamic expressive forms of specific 

emotions, as studied in touch and sound. 

B. The inner pulse of composers as measured through rhythmic studies. -- 

We will briefly summarize relevant aspects of each of these. 

A.1. Expressive Sounds Transformed from Touch Expression 

In Clynes & Nettheim (1982), and Clynes (1980a) it was shown that 

touch expressions of specific emotions can be transformed into sound 

expressions of like emotions, i.e. the nature of the transforms was found 

so that the sound expresses the same emotional quality as the touch 

expression from which it is transformed. 

The touch expressions are measured by recording the transient forms of 

finger pressure when these are voluntarily expressed. The instrument 

enabling this measurement to be made is called the Sentograph; it 

measures both the vertical and horizontal components of finger pressure 

independently as vector components varying with time. The sentographic 

forms obtained are stored in a computer memory and can be reproduced at 

will. 
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Fig. 1 and 2. Examples of t r ans fo rma t ion  of express ive  forms of touch t o  
sound t h a t  e x p r e s s e s  t h e  same f e e l i n g .  The t o p  t r a c e  shows e x p r e s s i v e  
f i n g e r  p re s su re  ( v e r t i c a l  component); t he  middle t h e  frequency modulat ion 
envelope; and the  lower t r a c e  the  ampli tude modulation envelope. The t i m e  
s c a l e  i s  doubled f o r  Joy and Anger. The frequency envelope i s  t h e  same a s  
t h e  p r e s s u r e  a p a r t  f rom a  v e r t i c a l  s c a l e  f a c t o r ,  e x c e p t  f o r  Joy ,  w h e r e  
t h e  wide  dynamic  r ange  r e q u i r e s  a n  a p p r o x i m a t e l y  l o g a r i t h m i c  s c a l i n g .  
Reproduced from Music, Mind, and Brain, ed. Clynes (1982). --- 



T I INSDUCEO L_ 

PRESSURE 
L- 

771 HI 

FREOUINCV 
MODULATION 1 /L 175 H2 

384 Hz 
V - 

110  n2 

AMPLITUDE 
MOOULI1K)N 

L 
l sec 

G R I E F  

TRINSDUCED 
PRESSURE 

FREOUENC* 406 H,> 
UODULATION 

320 HZ 

Fig. 2 

I n  t r a n s f o r m i n g  t h e  s e n t o g r a m s  f o r  t o u c h  e x p r e s s i o n  o f  s p e c i f i c  
e m o t i o n s  i n t o  c o r r e s p o n d i n g  sound e x p r e s s i o n  i t  w a s  found t h a t  t h e  

dynamic form ( e s s e n t i c  f o r m )  o f  t h e  t o u c h  was p r e s e r v e d  t o  become t h e  

f r e q u e n c y  c o n t o u r  o f  t h e  sound. The sound i s  a  f r e q u e n c y  and a m p l i t u d e  

modula ted  s i n u s o i d .  The a m p l i t u d e  m o d u l a t i o n  a l s o  was  r e l a t e d  t o  t h e  

dynamic touch form but  needed t o  be passed through a n  i m p e r f e c t  d i f f e r e n -  

t i a t i o n  network, i.e. an  adap t ive  t ime constant .  Table  1 and Fig.s 1 and 

2 show t h e  na tu re  of t h e  t ransform ( f o r  d e t a i l s  of t h e  measurement of t h e  

e s s e n t i c  form t h r o u g h  t o u c h  e x p r e s s i o n ,  s e e  C l y n e s ,  1969,  1975, 1977,  

1980). 
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high for all emotions except for Love and Reverence, which were largely 
confused with each other. 
Fig. 3 (top) refers to an experiment where the subjects were students 
of M. I, T. and University of California, Berkley. 
Fig. 4 (bottom) refers to an experiment where the subjects were medical 
students of the University of New South Wales. The bars show the percen- 
tage of correct identification. Shaded bars show errors made. Standard 
deviations are drawn with each bar (t). 

Fig. 5. Recognition of a group of 40 Australian Aborigines of the Warl- 
biri Tribe in central Australia, of sounds produced from white urban 
touch expression of finger pressure. Performance is very similar to the 
high recognition shown by the M. I. T. and Berkley students, and the by 
the medical students of the University of New South Wales (cf. Fig. 3 and 
4). They did somewhat better than those groups in idewntifying Joy, 
Anger, and Grief, although differences between groups were not statisti- 
cally significant. Instead of confusing Reverence and Love they chose 
more clearly, but the choice was opposite o f that intended: Love was 
chosen for Reverence, and vice versa. This may have been due to subtle- 
ties of translation. Differences between male and female scores were not 
significant in this group. Reprinted from Clynes & Nettheim (1982). 



Sounds t h u s  t r a n s f o r m e d  f rom t o u c h  e x p r e s s i o n s  o f  s e v e n  s p e c i f i c  

e m o t i o n s  were  t e s t e d  on 229 s u b j e c t s  as i l l u s t r a t e d  i n  F ig .  3, 4 a n d  5,  
i n  a  forced choice t e s t  ( ~ l y n e s  & Nettheim, 1982). 

The r e s u l t s  show t h a t  s u b j e c t s  recognized t h e  emotions we l l ,  regard-  

l e s s  o f  w h e t h e r  t h e y  were  a  g r o u p  o f  A u s t r a l i a n  m e d i c a l  s t u d e n t s ,  U.S. 
s t u d e n t s  a t  B e r k e l e y  and MIT, o r  C e n t r a l  A u s t r a l i a n  A b o r i g i n e s  f r o m  

Yuendumu ( ~ a r l b i r i  t r i b e )  who h a r d l y  spoke  E n g l i s h .  J o y ,  Anger ,  G r i e f ,  

Ha te  and Sex were  g e n e r a l l y  r e c o g n i z e d  be tween  88% and  50% c o r r e c t l y  

(p<.0001). Males and females  i n  a l l  groups d id  equa l ly  well .  An e x c e p t i o n  

were the  r e s u l t s  of Love and Reverence which were mutua l ly  confused by 

the  American and Aus t r a l i an  groups, and were switched f o r  one apo the r  by 
t h e  Aboriginal  group: I n  t h e  l a t t e r  group, Love was chosen s i g n i f i c a n t l y  

f o r  Reve rence  and v i c e  v e r s a .   h his c o u l d  s i g n i f y  a s u p e r i o r  a b i l i t y  o f  
t h e  A b o r i g i n a l  g roup  f o r  d i f f e r e n t i a t i n g  t h e s e  s o u n d s ,  i f  t r a n s l a t i o n  

produced a  switched meaning between t h e s e  two q u a l i t i e s ,  a s  may be pos- 

s i b l e . )  I n  t h e  main,  however ,  t h e  c o n f u s i o n b e t w e e n L o v e  and  R e v e r e n c e  

may be taken t o  i n d i c a t e  t h a t  our  sounds were no t  s u f f i c i e n t l y  cha rac t e -  

r i s t i c ,  o r  t h a t  a  c o n s i d e r a b l e  o v e r l a p  e x i s t s  i n  t h e  minds  o f  t h e  s u b -  

j e c t s  between these  two ca t egor i e s ,  o r  both. (we have s i n c e  produced a n  

improved ve r s ion  of t he  Love sound, which i s  being t e s t e d  current ly.)  

Confidence index sco res  (clynes & Nettheim, 1982) showed t h a t  s u b j e c t s  

were  more c o n f i d e n t  when t h e y  made a c o r r e c t  c h o i c e  - a n  i n d e p e n d e n t  

conf i rmat ion  of t he  r ecogn i t i on  r e s u l t s  (p<.00005). 

These s t u d i e s  on s e v e r a l  hundred s u b j e c t s  provided convincing ev idence  

t h a t  t h e  sounds derived from touch express ions  of t he  r e s p e c t i v e  emot ions  

d id  i n  f a c t  con ta in  these  q u a l i t i e s .  

I1 A.2. Melodies and Essen t i c  Form 

How a r e  t h e s e  e x p r e s s i v e  so;nd s h a p e s  ( o f  " c o n t i n u o u s "  f r e q u e n c y  

modulation) r e l a t e d  t o  melodies  ( " d i s c r e t e "  f r e q u e n c y  m o d u l a t i o n ) ? *  I t  
was shown ( c l y n e s  & N e t t h e i m ,  1982) t h a t  i t  was p o s s i b l e  t o  c r e a t e  



musical  melodies  which express  a  s i m i l a r  emot iona l  q u a l i t y  t o  t h e  dynamic 
" c o n t i n u o u s "  e x p r e s s i v e  sound f o r m s  we had i d e n t i f i e d ,  i n  s u c h  a  way 

t h a t :  

1. The melodic s t e p s  of t h e  c r ea t ed  melody o u t l i n e  t h e  f requency  contour  

of t h e  "continuous" form. 

2. The ampl i tude  contour  of t he  express ive  sound is preserved. 

A s  d i f f e r e n t  melodic s t e p s  a r e  chosen, t h e i r  d u r a t i o n  would be such a s  

t o  conform t o  t h e  continuous frequency modulat ion t i m e  curve  ( e s s e n t i c  

form) .  We showed f o r  example  t h a t  a  s e t  o f  2 8  d i f f e r e n t  G r i e f  m e l o d i e s  

may be cons t ruc ted  which w i l l  con ta in  the  e s s e n t i c  form of G r i e f  i n  t h i s  

manner ( ~ i ~ .  6 ,  T a b l e  2) .  Each o f  t h e s e  m e l o d i e s  s o u n d s  s a d ,  b u t  h a s  

d i f f e r e n t  harmonic impl ica t ions .  The du ra t ion  of t h e  s t e p s  is  modif ied by 

t h e  r e q u i r e m e n t s  o f  t h e  f o r m ,  a s  a  t r a d e - o f f  b e t w e e n  d u r a t i o n  and  s t e p  

s i z e ,  so a s  t o  s t i l l  f a l l  on t h e  p i t c h  t ime f u n c t i o n  f o r  Gr ie f .  

Note t h a t  i n  each case the  ampli tude contour  is  t h e  same, t h a t  of  t h e  

"continuous" Gr ie f  express ive  sound. 

The mind apparent ly  e x t r a p o l a t e s  t he  d i s c r e t e  frequency p o i n t s ,  a ided  
by t h e  a m p l i t u d e  c o n t o u r ,  t o  r e c o g n i z e  t h e  G r i e f  form. I t  i s  a s  i f  t h e  

3 
Cleonides,  around the  f i r s t  cen tury  A.D. w r i t e s  about  t h i s  d i s t i n c t i o n :  

"The t h i n g s  c o n s i d e r e d  u n d e r  q u a l i t y  of  v o i c e  a r e  t h e s e .  The v o i c e  h a s  
two s o r t s  of movements: one i s  c a l l e d  cont inuous and belongs t o  speech, 
t he  o t h e r  i s  d i a s t e m a t i c  and belongs t o  melody. I n  cont inuous  movement, 
t ens ions  and r e l a x a t i o n s  occur impercept ib ly  and t h e  vo ice  i s  never  a t  
r e s t  u n t i l  i t  becomes s i l e n t .  I n  d i a s t e m a t i c  movement, t h e  oppos i t e  t a k e s  
place,  t he  voice  dwe l l s  on c e r t a i n  p o i n t s  and p a s s e s  over  t h e  d i s t a n c e s  
be tween  them, p r o c e e d i n g  f i r s t  i n  t h e  one way, t h e n  i n  t h e  o t h e r .  The 
p o i n t s  on which  i t  d w e l l s  we c a l l  p i t c h e s ,  t h e  p a s s a g e s  f r o m  p i t c h  t o  
p i t c h  we c a l l  in te rva ls . "  



Fig.  6. *Cont inuousr  and ' d i s c r e t e *  f r e q u e n c y  c o n t o u r s  f o r  a G r i e f  s o u n d  
expression. The d i s c r e t e  s t e p s  a r e  semitones t h a t  f i t  t h e  contour  o f  t h e  
c o n t i n u o u s  form. O t h e r  d i s c r e t e  s t e p  combinations a r e  der ived  l i k e w i s e  
from t h e  cont inous form. Durat ions of t h e  melodic t o n e s  i n  t h e  'd iscrete '  
ve r s ions  a r e  governed by the  shape of t h e  continuous form. The s e t  o f  a l l  
28 poss ib l e  melodic combinations ( e l imina t ing  3 combina t ions  us ing  t h e  
f i r s t  two semitone s t e p s  o r  l e s s  where these  two semi tone  s t e p s  f a l l  ve ry  
c l o s e  t o  t he  beginning of t h e  form, making them i n  e f f e c t  appog ia tu ra s )  
a r e  shown i n  Table 2. Reprinted from Clynes & Nettheim (1982). 

frequency curve represented  a  t r a j e c t o r y ,  r e p r e s e n t i n g  an i n n e r  a c t i o n ,  

and t h a t  t h e  a c t u a l  f r e q u e n c y  p o i n t s  r e p r e s e n t  " s t e p s "  t a k e n  i n w a r d l y  

a l o n g  t h e  " road"  of t h i s  t r a j e c t o r y .  T h i s  i s  more t h a n  m e t a p h o r i c a l :  I t  
i s  meant t h a t  some motor i n i t i a t i o n  t akes  p lace  m e n t a l l y  f o r  each t o n e  

of t he  melody (even when thought s i l e n t l y )  - f o r  example,  a  s u b l i m i n a l  

a c t i v a t i o n  of t h e  muscles a c t i v e  i n  s ing ing  ( s i m i l a r  t o  t h e  well-known, 

o f t e n  obse rved  s u b l i m i n a l  a c t i v a t i o n  o f  s p e e c h  r e l a t e d  m u s c l e s  a s  one  

t h i n k s  words ;  o r  s o m e t i m e s  a  d e s i r e  t o  t a p  w i t h  t h e  h a n d  o r  f o o t ) .  I n  
each case, t he  ampli tude of t he  motor impulse f o r  t h a t  t o n e  would c o r r e -  

spond t o  t h e  a m p l i t u d e  o f  t h e  t o n e ,  i .e .  t h e  a m p l i t u d e  c o n t o u r  o f  t h e  

motor impulses would t r a c e  the  sound ampli tude c o n t o u r  of t h e  e s s e n t i c  

fo rm;  much a s  t h e  f r e q u e n c y  s t e p s  do w i t h  r e g a r d  t o  t h e  f r e q u e n c y  

contour.  



I1 B. S tud ie s  of  t h e  Inne r  Pulse  of  Composers 

The f i r s t  sen tographic  s t u d i e s  eve r  c a r r i e d  ou t  i n  f a c t  c o n s i s t e d  of 

t h e  measurement of t he  i n n e r  pu l se  of s p e c i f i c  composers ( ~ l y n e s ,  1969). 
The s e n t o g r a p h i c  f o r m s  t h a t  were  o b s e r v e d  f o r  t h e  i n n e r  p u l s e  o f  Bee t -  

hoven,  Mozart  and S c h u b e r t  a r e  shown i n  F ig .  7, 8, and  9. T h e s e  f o r m s ,  

obtained by th ink ing  the  music and express ing  t h e  pu l se  by "conducting" 

on t h e  s e n t o g r a p h  w i t h  f i n g e r  p r e s s u r e ,  s u g g e s t e d  t h a t  some c o m p o s e r s  

were a b l e  t o  impar t  i n d i v i d u a l  c h a r a c t e r i s t i c  pu l se  forms t o  t h e i r  music 

- pulse  forms t h a t  cha rac t e r i zed  t h e i r  i d e n t i t y ;  and t h a t  t b i s  tended t o  

apply t o  t h e i r  musical  output  a s  a whole ( ~ e c k i n g ,  1928; S i e v e r s ,  1875- 

1915). A s  a  d i s t a n t  analogy we may s e e  t h a t  a p a i n t e r  h a s  c h p r a c t e r i s t i c  
i n d i v i d u a l  brush s t rokes .  Moreover, i t  seemed c l e a r  t h a t  t h i s  c h a r a c t e r i -  

s t i c  pu lse  needs t o  be present  f o r  an  a u t h e n t i c  performance. How e x a c t l y  

t h a t  e x p e r i e n c e d  p u l s e  was m a n i f e s t  i n  t h e  m u s i c a l  sound,  however ,  

remained t o  be a sce r t a ined  u n t i l  now. 

La te r  s t u d i e s  ( ~ l y n e s  & Walker, 1982), s t i m u l a t e d  by t h e  p r o p e r t i e s  of 
Time Form P r i n t i n g  o f  t h e  n e r v o u s  s y s t e m  which  w e r e  b e i n g  d i c o v e r e d ,  

a t t e m p t e d  t o  r e c r e a t e  t h e  i n n e r  p u l s e  a s  a  sound p u l s e ,  s u c h  t h a t  t h e  

same sentographic  responses a r e  produced by t h e  sound pu l se  a l o n e  a s  by 

t h e  inne r  pulse  of the  music. 

C u r r e n t  s t u d i e s  o f  t h e s e  sound p u l s e  i m a g e s  o f  t h e  i n n e r  p u l s e  - a s  

ampli tude modulated s inuso ids  - show convincingly how t h e  same charac- 

t e r i s t i c  sound pulse  of a  p a r t i c u l a r  composer f i t s  d i f f e r e n t  p i e c e s  of 

t h a t  composer, whi le  t h a t  of o t h e r  composers does n o t  (c lynes  & Walker, 

i n  p r e s s ) .  

A number of musical  examples of t he  composer's sound pu l se  f i t t e d  on a  
s e p a r a t e  channel synchronized w i t h  va r ious  p i eces  of h i s ,  o f  i f f e r e n t  

meter  and tempo, a r e  presented,  f o r  Mozart, Beethoven, Schuber t ,  Brahms 

and Chopin. Some d e l i b e r a t e l y  f a l s e  examples  a r e  a l s o  g i v e n  i n  wh ich  a 

S c h u b e r t  p u l s e  i s  s w i t c h e d  f o r  a  Mozar t  p u l s e ,  a Chopin  p u l s e  f o r  a  

Beethoven pulse ,  and so on, t o  show the  kind of m i s f i t  t h a t  occu r s  i f  t h e  

wrong sound pulse  i s  played wi th  the  music. A s  Bengtsson has  noted  (per- 

sona l  communication, 1982), hea r ing  a  composerHs sound p u l s e s  played i n  
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Fig. 7. Essen t i c  form of t he  i n n e r  pulse  of slow movements of Beethoven 
( v e r t i c a l  component). D i f f e ren t  movements a r e  compared, a s  w e l l  as t h e  
same movement f o r  d i f f e r e n t  i n t e r p r e t e r s .  The lowes t  t r a c e  i s  of a f i r s t  
movement i n  t r i p l e  m e t e r ,  whose p u l s e  i s  c o n s i d e r e d  c o m p a r a b l e  i n  a n  
appropr i a t e  t ime s c a l e  (one pulse  per  ba r  i n  t h i s  case).  The i n n e r  p u l s e  
shape cont inues i n t o  per iods  of r e s t .  Considered a s  a  second o r d e r  dyna- 
mic s y s t e m ,  i t  h a s  a  damping f a c t o r  e q u i v a l e n t  t o  a p p r i x i m a t e l y  0.2, 
i n d i c a t i n g  a b o u t  t h r e e  a f t e r b e a t s  b e f o r e  c e s s a t i o n ,  a n d  c o m p a r a t i v e l y  
high i n e r t i a .  The h igh  i n e r t i a  tends  t o  g ive  both an  i n h e r e n t  p r o p u l s i o n  
and a  comparat ively l a t e  down ( n e g a t i v e )  peak. S e n t o g r a p h i c  m e a s u r e  o f  
"conducting" the  p ieces  wi th  f i n g e r  pressure  while  t h i n k i n g  t h e  music  i n  
r e a l  t ime,  without  sound. The curves represent  t he  average  of 50 pu l se s .  
Reprinted from Informat ion  Process ing  -- i n  t he  Nervous System, ed. Le ibov ic  
& E c c l e s ,  1969. 



1 SEC + 

Fig. 8. The e s s e n t i c  form of the  inner  pulse of Mozart shows considerably 
lower ine r t a i a  than t h a t  of Beethoven. The down peak occurs much e a r l i e r ,  
and t h e r e  i s  a  s m a l l  ove r shoo t  w i t h  damping of  a b o u t  0.7. The Mozart  
pulse has no more than one a f t e r b e a t  compared wi th  s e v e r a l  f o r  Beethoven. 
Its r e l a t i v e l y  l i g h t  and bouyant charac ter  i s  r e l a t e d  t o  the  low- ine r t i a  
term coupled with s l i g h t  underdamping. The curves represent  the  average 
of 50 p u l s e s .  
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Fig. 9. Essentic form of the Schubert pulse illustrated shows a generally 
very early down peak, and low inertia, but also a rise leading to a 
sustained overshoot. There is a characteristic upward deflection related 
to elements of hope and longing. The initially free beat tends to exper 
rience increased resistance and tension in this phase (involving more of 
the upper arm, in conducting, than at the beginning of the beat). 

this way tends to bring to mind a large number of pieces of that composer 

that fit the pulse; and one can mentally readily switch from one piece to 

another without a "stumble". 

The recognition of these correct pulses for each composer is tested by 
asking subjects to pick the "correct" pulse from a test tape on which 
excerpts with correct and with incorrect pulses are randomly presented, 
for a number of musical examples of each of the five composers being 
tested. Subjects readily identify the correct pulse regardless of which 

piece of the composer is being presented (clynes & Walker, in press). Q 

These studies may be considered as precursors to the findings shown 

here regarding the precise nature in which the composer's pulse affects 
musical performance and thought. 



I11 MICROSTRUCTURE AND EXPRESSIVENESS 

In the following main sections we shall describe and investigate, each 

with musical example (as many as space allows): 

1. The extent to which detailed expressivepess is possible without 

vibrato and variation of timbre, using only sjnusoidal tones with indi- 
vidually shaped amplitude envelopes, representing the notes of the music, 
with duration modification. Such amplitude modulation appears to be the 

most basic mode of dynamic expression and thus the understanding of this 
should precede the analysis of the expressive effects of vibrato, timbre 

and of timbre variation. It turns out that much expressiveness is indeed 

possible with these very simple means; many of the subtlest nuances can 

be realized. This mode of expression then, while simple, need not be 
considered primitive. 

2. In doing this, we shall also investigate the relationship between the 
amplitude shapes of individual tones and the shape of the melody (i.e. 

essentic form). We shall show that a simple relationship holds between 

the shapes of individual tones of a melody and the form of its time 

course. Its shape within a continuum of upright "assertive" ( I <  ) and 
forward sloping "plaintive" form (4 ), to be described precisely is 
seen to be a function of the slope of the essentic form. This means in 

practice that the shape of a tone is strongly and predictably influenced 

* 
It cannot be emphasized too strongly that these sound images of the 

inner pulse are but shadows of shadows: the inner pulse itself is not a 
sound, although it is expressed in terms of sound in music; it is a 
specific command configuration that directs (repeated) inner gesture, 
which affects the sound in a corresponding manner (cf. the personal 
gait). 



by the pitch of the next tone and by the time when it occurs. The shape 

of individual tones has a musically predictive function contributing to 
continuity, and thus, we may say, to musical logic. 

3. We shall show in an initial report how the,individual pulse charac- 
teristics of a number of composers, in particular Mozart, Beethoven and 
Schubert, systematically modulate the pattern of tones both in amplitude 
and temporally, in characteristic ways which will be precisely given. 

In the course of the above we shall also outline how certain micro- 

structure functions, involving durations, silences and amplitude shapes, 

relate to various aspects of phrase and larger structure. 

111 A. Methodology 

111 A. 1. The Beta Function for Calculating Amplitude Shapes -- - 

In order to produce convenient shapes for amplitude modulating indivi- 

dual tones we have used a mathematical means, briefly called the Beta 
Function. This permits us to create a wide variety of shapes with the aid 

of only two parameters. It has a considerably wider scope than the use of 
two exponentials would have, for example. 

In electronic generation of musical sounds it has been a convention to 

specify tones using parameters of rise time, decay time, sustain time, 

release time and final decay, or some subset of these. These parameters, 

natural to the electronic engineer, do not really have a musical function 

of like aptness. Amplitude shapes of musical tones often need to be 

convex rather than concave (or vice versa) in particular portions of 
their course (e.g. convex in their termination), and hardly ever have 
sustained plateaux. Moreover, separation of the termination of a tone 

into a decay and a release in general is the result of the mechanical 

properties of keyboard instruments and not a musical requirement. 

We found that the varied rounded forms available through the Beta 

Function (a suggestion of Nigel Nettheim, originally for pulse studies) 



a l l o w  a  s i m p l e  and t i m e - e c o n o m i c a l  r e a l i z a t i o n  o f  t h e  m u l t i t u d e  o f  
nuances of musica l  tone ampli tude forms. The Be ta    unction* i s  defined 

a s  : 

p2 
. 

X (1 - X) P1 for b s x s ~ . ,  

and i s  normalized f o r  a  mixmum ampli tude of 1 by d i v i d i n g  by a cons t an t  N 

f o r  a  p a r t i c u l a r  s e t  of va lues  of p1 and p20 

P i ,  p2 have  v a l u e s  >O.  - 

The r e s u l t i n g  s h a p e  i s  m u l t i p l i e d  by a  p a r a m e t e r  G t o  g i v e  t h e  amp- 
l i t u d e  s i z e  of t he  p a r t i c u l a r  tone. The shape s t r e t c h e s  over  a number of 

p o i n t s  d e t e r m i n e d  by t h e  d u r a t i o n  o f  t h e  tone .  T h u s ,  t h e  a m p l i t u d e  en- 
velope a s  a  func t ion  of t ime ~ ( t )  of a  tone  i s  g i v e n  by 

9 
The name Beta Function de r ives  from a  s imilar-named f u n c t i o n  used i n  

mathematical  s t a t i s t i c s .  The Beta Funct ion a s  used h e r e  is t h e  argument 
of i n t e g r a t i o n  of t he  s t a t i s t i c i a n ' s  Beta Function. 



By choosing s u i t a b l e  va lues  of  p1 and p2 a shape may be s e l e c t e d  f rom 
f a m i l i e s  o f  s h a p e s  s u c h  a s  t h e  o n e s  shown i n  Fig.s  10 and  11. C h o o s i n g  

t h e  va lue  1 f o r  both parameters  r e s u l t s  i n  a symmetr ica l ,  rounded form,  
and 0.89 f o r  b o t h  p a r a m e t e r s  p r o d u c e s  a f o r m  v e r y  c l o s e  t o  a h a l f  s i n e  

wave. S m a l l e r  v a l u e s  o f  p1 r e s u l t  i n  s t e e p e r  r i s e s ;  z e r o  b e i n g  a s t e p  

f u n c t i o n .  L a r g e r  v a l u e s  t h a n  1 f o r  e i t h e r  o r  p2 make t h e  c u r v e  

concave, a t  t h e  corresponding regions.  A combinat ion o f  0 and 1 r e s u l t s  

i n  a sawtooth. 

F ig .  10. F a m i l i e s  o f  Be ta  F u n c t i o n  s h a p e s ,  showing  some  o f  t h e  k i n d s  o f  
shapes r e a d i l y  ob ta ined  by chosing app rop r i a t e  and p2 values .  I n  t h e  
t o p  l e f t  g r a p h s  t h e  p '  and p2  v a l u e s  u sed  a r e  3 , 3  ( l e f t m o s t  c u r v e ) ,  
3.6,2.4; 4.2,2.1; 5.1,1.8; 6.1,0.5; 7.5,0.2; 9,O.g; and  15,0.6 ( r i g h t m o s t  
c u r v e ) .  The c o r r e s p o n d i n g  v a l u e s  a r e  1 , l ;  1.5,1.5; 2 ,2 ;  3 ,3 ;  5,5; 8,8; 
11,11;  and 15 ,15  f o r  t h e  t o p  r i g h t  g r a p h ,  0.3,0.3; 0.24,0.36; 0.21,0.42; 
0.18,0.51; 0.15,0.6; 0.12,0.75; 0.09,O.g; and 0.06,1.5 f o r  t h e  b o t t o m  
l e f t  g r a p h ,  and  0.01,0.01; 0.04,0.04; 0.1,O.l; 0.3,0.3; 0.5,0.5; 0.7,0.7; 
0.9,O.g; and 1,1 f o r  t h e  bottom r i g h t  graph. Maximum ampl i t ude  is norma- 
l i s e d  a s  1. 



Fig. 1 1. Beta Function shapes i l l u s t r a t i n g  deg rees  o f  skewness,  s t a r t i n g  
from a symmet r i ca l  1,l-form w i t h  p a i r s  o f  p-values  forming  a series a s  
shown. These a r e  t ypes  o f  shapes used f o r  t h e  a m p l i t u d e  o f  many musica 
t ones  c a l l e d  A and P t ypes  ( l e f t  and r i g h t  groups,  r e s p e c t i v e l y ) .  The p 'r 
and p2  v a l u e s  u sed  a r e  1 ,1  ( s y m m e t r i c a l  c u r v e ) ;  0  1.1; 0.8,1.2; 
0.7,1.3; 0.6,1.4; 0.5,1.6; 0.4,1.8; 0.3,2.2; 0.2,3.0; a n d  0.1,4.0 i n  t h e  
l e f t  g r a p h  a n d  i n  t h e  r i g h t  g r a p h  1 ,1  ( s y m m e t r i c a l  c u r v e ) ;  1.1,O.g; 
1 .2 ,0 .8 ;  1.3,O.T; 1 .4 ,0 .6;  1 .6 ,0 .5;  1 .8 ,0 .4 ;  2 .2 ,0 .3 ;  3 .0 ,0 .2 ;  a n d  
4.0,O. 1. 

Most commonly used p va lues  f o r  musical tones g e n e r a l l y  l i e  w i t h i n  t h e  

region of 0.5 t o  5, a s  we s h a l l  see ,  and most f r e q u e n t l y  i n  t h e  region  of 

0.7 t o  2. 

Where required,  a  second o r  seve ra l  more Beta Functions mqy be added 

t o  produce the  des i red  shape - t h i s  is  seldom necessary ,  however. 

I11 A .  2. Computer Program f o r  Shaping and Playing  Melodies 

The Beta Function i s  used i n  a  computer program t h a t  c a l c u l a t e s  ind i -  
v idual  tone shapes. I n  our  program .the ampli tude c h a r a c t e r  of  a  tone is  
spec i f i ed  by th ree  numbers, t he  number denoting t h e  ampl i tude  magnitude G 

and p, and p2. We use a  l i n e a r  s c a l e  f o r  t h e  magnitude wi th  a  r e s o l u t i o n  



of 1 part in 4096. This is in accordance with our earlier findings that 
such transient sound phenomena may often be better understood by changes 

in amplitude on a linear rather than logarithmic scale, see Clynes & 

Walker, 1982. It also presents a visually more tractable aspect. (A 
comparison between linear and logarithmic readouts of the shapes is 
included in Fig. 13.) 

Silences of various durations in the millisecond and centisecond range 

can also be readily inserted between tones. 

The duration of each tone is specified by the number of points it 
occupies over which the Beta Function is calculated. The calculation for 
each tone is done without affecting the duration and number of points of 
other tones. The temporal resolution of tones is usually better than 1 

millisecond. 

The amplitude contour is constituted by a 12 bit digital-to-analogue 

(DA) converter and modulates a voltage-controlled amplifier of linearity 
better than 0.1 $ over a dynamic range of 1 to 4096. 

The frequency of the tones is set by another channel of a DA con- 
version which modulates a voltage-controlled oscillation." 

The FORTRAN IV program is run on a PDP 11-23 in our laboratory. The 
program on our PDP 1 1-23 can readily play melodies up to 32000 points 
long using computer memory, i.e. typically up to 100 tones, depending on 
the number of points per tone (much longer ones using disc storage). The 
tempo can be varied over a very wide racge - there is no lower limit, and 
the upper limit is around 4000 points per sec, corresponding typically to 

96 
In this method we have no control over the phase of the sinusoid modu- 

lated. Since the melodies we use do not go to very low frequencies and 
since only single sinusoids are used, one voice at a time, this is not a 
serious shortcoming. In later studies we are also using a second micro- 
processor in place of the voltage-controlled oscillator, providing con- 
trol of phase. There tends to be no noticeable difference aurally between 
the two realizations. 



a metronome mark of 400 per  minute f o r  a q u a r t e r  note;  r a t h e r  beyond most 

r e q u i r e m e n t s !  P a r a m e t e r s  o f  any t o n e  c a n  be  r e a d i l y  v a r i e d  and t h e  

changed r e s u l t  l i s t e n e d  t o  i n  a few seconds (5 - 10 sec. typica l ly) .  

Fur the r  f e a t u r e s  of the  program w i l l  become evident  a s  we present  t h e  
ind iv idua l  musical funct ions  studied. 

I11 B. Microstructure explored through "manually" c rea ted  examples 

I11 B. 1 .  Some Observations on t h e  Process of Forming Melodies 

Before looking a t  t he  d e t a i l s  of the  examples, some genera l  comments 

may be appropriate .  

( i )  It  may take  a musical person a day o r  two t o  p e r f e c t  such a theme by 
gradual ly  improving the  values of t h e  parameters ,  and repeatedly  l i s t e -  
n i n g  u n t i l  i t  i s  r e f i n e d  t o  a d e g r e e  where he  no l o n g e r  i s  s u r e  what  
change would be an improvement. 

( i i )  A s  one l i s t e n s  repeatedly and changes parameter  va lues  f o r  a t ime,  
one e v e n t u a l l y  e x p e r i e n c e s  s a t i a t i o n  o r  l e s s e n i n g  o f  s e n s i t i v i t y  t o  
p a r t i c u l a r  a spec t s  and/or the  t o t a l i t y  of the  expression. It appears  t h a t  
one's s e n s i t i v i t i e s  i n  t h i s  regard a r e  dul led  wi th  repeated exposure, and 
need some t ime t o  recover, t o  regain  t h e i r  spontaneous freshness.  A few 

minutes i s  sometimes s u f f i c i e n t ,  but  a f t e r  many hours of work, s e v e r a l  
hours o r  overnight may be required t o  r e v i t a l i z e  one's l i s t e n i n g .  

( i i i )  Working on a theme i n  t h i s  manner i n  f a c t  s h a r p e n s  one's h e a r i n g  

and a t t e n t i o n  t o  d e t a i l  i n  r e g a r d  t o  e x p r e s s i v e  q u a l i t i e s ,  and c a n  be  
considered invaluable  f o r  t h a t  reason alone. 

( iv)  A f u r t h e r  phenomenon occurs a s  one continues working wi th  a theme i n  
t h i s  manner: t h e  theme t e a c h e s  one i t s  own n a t u r e .  A s  one r e p e a t e d l y  
i n t e r a c t s ,  many new a s p e c t s ,  r e l a t i o n s h i p s  and meanings  become c l e a r  
( ~ l a g e s ,  1950; I m b e r t y ,  1979;  L a s h l e y ,  1951 ). One becomes more and more 



involved w i t h  the  theme, and i t  ga ins  more v i t a l i t y  and c l a r i t y  i n  one's 

mind. The goa l  becomes c l e a r e r ;  y e t  i t s  form a l s o  develops a s  one works 

towards it. The process  becomes s e l f - r e f i n i n g ,  a  s y s t e m a t i c  i n t e r a c t i o n  

w i t h  a  s t a b l e  l i m i t ;  a s s y m p t o t i c  and t h u s  n o t  s e e m i n g l y  f i n i t e ,  b u t  

s t ab l e .  When one f i n a l l y  reaches t h e  po in t  of no t  being a b l e  t o  improve 

i t  any  f u r t h e r ,  one  f e e l s  t h i s  i s  n o t  b e c a u s e  i t  c o u l d  n o t  b e  i m p r o v e d ,  

but  r a t h e r  t h a t  t h e  requi red  changes a r e  s o  s u b t l e ,  t h a t  g r e a t e r  under-  

s t a n d i n g  t h a n  can  b e  summoned a t  t h e  t i m e  f o r  A-B c o m p a r i s o n  would b e  

r e q u i r e d  i n  o r d e r  t o  c o n t i n u e .  But s t i l l ,  t h e r e  i s  j o y  and  s a t i s f a c t i o n  

i n  having c rea t ed  something v i t a l ,  p a r t i c u l a r l y  on hea r ing  i t  f r e s h l y  a t  
a  l a t e r  time. 

This  method of  s c u l p t u r i n g  tones and melodies a l l ows  a musica l  a r t i s t ,  

then,  t o  p e r f e c t  t h e  express ion  i n  much t h e  same manner as a  p a i n t e r  o r  a  

s c u l p t o r  can, working wi th  a  p a i n t i n g  f o r  long per iods  of  t ime,  g r a d u a l l y  

p e r f e c t i n g  t h e  f o r m s  s o  t h a t  t h e y  c o r r e s p o n d  t o  h i s  i n n e r  v i s i o n ,  a 

v i s i o n  which i t s e l f  is becoming more p e r f e c t  a s  t he  i n t e r a c t i o n  grows. A t  

what s t a g e  t o  say  "it i s  enough" depends on a  h ighe r  l e v e l  of i n t e g r a t i o n  

where another  v i s i o n  and i ts  r e a l i z a t i o n  i n t e r a c t  i n  a l i k e  manner. 

I t  i s  a l s o  i n  many ways s i m i l a r  t o  t h e  p r o c e s s  o f  p r a c t i c i n g  f o r  a 

m u s i c a l  p e r f o r m a n c e  i n  c o u r s e  o f  which  t h e  a r t i s t ,  i n  l o v e  w i t h  t h e  

p iece ,  r e f i n e s  h i s  performance and understanding through repea ted  r e c i -  

p roca l  i n t e r a c t i o n  - feedforward and feedback. 

111 B. 2. Resolu t ion  of Parameter Values 

S e n s i t i v i t y  i n  d i s c r i m i n a t i n g  d i f f e r e n t  shapes of tones  is  t y p i c a l l y  

of  t h e  o r d e r  o f  0.01 - 0.02 i n  t h e  p  v a l u e s  i n  t h e  r a n g e  of  0.5 t o  2  

(most  commonly used) .  F o r  l a r g e r  v a l u e s  i t  i s  c o r r e s p o n d i n g l y  g r e a t e r .  

The l imen of d i s c r i m i n a t i o n  of t h e  magnitude of ampl i tude  peaks w i t h i n  a  

melody i s  of  t h e  o r d e r  of  2%, o r  a b o u t  1 / 4 d ~ .  T h i s  means t h a t  t h e  e a r  i s  

more s e n s i t i v e  t o  t h e  s h a p e  t h a n  t o  peak a m p l i t u d e .  F o r  example  a  d i f -  
fe rence  i n  shape r e s u l t i n g  i n  2% dev ia t ions  of c r i t i c a l  p o r t i o n s  of  t h e  

shape ( r e f e r r e d  t o  peak ampli tude)  w i l l  be cons iderably  more n o t i c e a b l e  

t h a n  a  2% change  i n  o v e r a l l  a m p l i t u d e  ( c o n c e r n i n g  r e l a t i v e l y  c r i t i c a l  



p o r t i o n s  o f  t h e  s h a p e  o f  a  t o n e  w i t h  r e s p e c t  t o  s e n s i v i t y ,  s e e  C l y n e s  & 

Walker, 1 982). 

F ig .  12. I n  t h i s  f i g u r e  and i n  a l l  f o l l o w i n g  f i g u r e s  t h e  t o p  l i n e  shows 
t h e  n o t e s  o f  t h e  melody. F o r  d e t a i l s  o f  p h r a s i n g  p l e a s e  s e e  t h e  c o r r e -  
sponding sco re  excerpt.  

The g r a p h  below t h i s  r e p r e s e n t s  t h e  p i t c h  o f  t h e  s i n u s o i d a l  t o n e s .  
S m a l l  m a r k e r s  on t h i s  g r a p h  i n d i c a t e  r e p e t i t i o n  o f  t h e  same n o t e  and  
micropauses. 

The next  lower  graph i s  the  ampl i tude  contour  i n  l i n e a r  s c a l e  (from 0 
t o  4096, t h e  v a l u e  of  200 t h u s  c o r r e s p o n d i n g  t o  -26 dB r e l a t i v e  t o  t h e  
l o u d e s t  l e v e l ;  1000 b e i n g  p l a y e d  a t  a b o u t  50 dB above  t h r e s h o l d  
normally) .  

The lowes t  t r a c e  r e p r e s e n t s  t he  temporal  d e v i a t i o n s  from t h e  nominal 
v a l u e s  f o r  e a c h  t o n e ,  i n  p e r  c e n t ,  upward d e f l e c t i o n  b e i n g  s l o w e r .  
( ~ i c r o p a u s e s  a r e  o f t e n  included i n  t h i s  r ep re sen ta t ion . )  The t i m e  marker 
a t  t he  bottom of a l l  f i g u r e s  r e p r e s e n t s  1 second. 
Note t h a t  t h e  d i g i t a l  p r i n t o u t s  p r i n t s  o n l y  e v e r y  s i x t h  p o i n t  of t h e  
func t ions  - a c t u a l  r e s o l u t i o n  is  thus  s i x  t i m e s  g r e a t e r  t han  t h a t  shown 
i n  the  i l l u s t r a t i o n s .  

An example of  a  theme embodied by t h i s  method i s  t h e  f i r s t  e i g h t  b a r s  

o f  t h e  Mozart  Q u i n t e t  i n  g m i n o r ,  K516, f i r s t  movement c f .  Fig.  1 2  and  
T a b l e  3. The chosen  u n i t  o f  t i m e  i n  t h e  melody,  i n  t h i s  c a s e  a n  e i g h t h  



note ,  is  ass igned  100 p o i n t s  du ra t ion  nominally,  s o  t h a t  t h e  q u a r t e r  n o t e  

becomes 200 p o i n t s  nominal ly,  t h e  h a l f  no te  400, and so f o r t h .  The a c t u a l  

du ra t ion  of  each tone  is  modified from t h e s e  s o  t h a t  a p a r t i c u l a r  e i g h t h  

tone may have a  du ra t ion  of  96 say ,  a  h a l f  tone 220; and  s o  on, depending 
on its p o s i t i o n  and express ive  requirements.  

I n  t h i s  example ,  a l l  p a r a m e t e r s  (4 f o r  e a c h  t o n e :  d u r a t i o n ,  peak  

ampli tude,  and p2) were chosen by t r i a l  and e r r o r ,  t h a t  is  by r e p e a t e d  

l i s t e n i n g  and g radua l ly  improving t h e  values as d i c t a t e d  by "the ear". 

The program a l l o w s  u s  t o  p l a y  any  p o r t i o n  o r  t h e  e n t i r e  t heme ,  and  

w i l l  r e p e a t  a s  many t i m e s  a s  d e s i r e d  ( w i t h  a s h o r t  p a u s e  b e t w e e n  r e p e -  

t i t i o n s ) .  The metronome mark e n t e r e d ,  e.g. 123 ,  r e f e r s  t o  t h e  n o m i n a l  

chosen u n i t  of d u r a t i o n  ( i n  t h e  present  example, 100 p o i n t s  f o r  a n  e i g h t h  

note). I f  an a c t u a l  tone has  more o r  fewer number of p o i n t s  than  100, i t  
w i l l  have a correspondingly d i f f e r e n t  durat ion.  Minute tempo v a r i a t i o n s  

w i t h i n  the  theme a r i s e  from t h e  d i f f e r e n c e s  from nominal  va lues  i n  t h e  

number of po in t s  f o r  each of t he  tones. 

I n  t h i s  example, we may note  t h e  fol lowing:  

( 1  ) Amplitude Re la t ionsh ip  w i t h i n  - a Four-tone -- Group (one p u l s e )  

The ampli tude r e l a t i o n s h i p  between t h e  fou r  e i g h t h  n o t e s  of t h e  f i r s t  

ba r  shows t h a t  t he  second and f o u r t h  tones  a r e  much s m a l l e r ,  t h e  f o u r t h  

one b e i n g  a  l i t t l e  l e s s  t h a n  t h e  second.  The t h i r d  t o n e  i s  c o n s i d e r a b l y  

l a r g e r  i n  ampli tude than  t h e  second and f o u r t h  but  l e s s  t han  the  f i r s t .  A 

s i m i l a r  p a t t e r n  is  repeated i n  t h e  t h i r d  ba r  but  t h e  a c c e n t u a t i o n  of  t h e  

f i r s t  tone i s  even grea te r .  

Throughout t h e  theme the  f i r s t  tone of each ba r  is  c o n s i d e r a b l y  l a r g e r  

i n  amplitude. 

( 2 )  Peak Amplitudes Out l ine  Essen t i c  Form 

The peak ampl i tudes  form a descending curve from b a r  3 t o  b a r  4. T h i s  

descending ampli tude curve combines wi th  the  frequency c o n t o u r  t o  produce 

an  e s s e n t i c  form r e l a t e d  t o  g r i e f  ( t h i s  form may w e l l  b e  cons idered  t o  be 



a  mixed emotion: predominantly sad,  w i t h  a s p e c t s  o f  l o n e l i n e s s ,  anx ie ty ,  

and p e r h a p s  r e g r e t ) .  Bars 1 and  2 p r o v i d e  s i m i l a r  f o r m s  o f  d i m i n s h i n g  

ampl i tude ,  b u t  i n  ba r  1 combined w i t h  r i s i n g  frequency. Pa in  and sadness  

a r e  i m p l i c i t  i n  b a r  2. Ba r  1 s u g g e s t s  a r e s i g n e d  v i e w ,  a c c e p t i n g  f a t e ,  

w i t h o u t  t h e  q u a l i t y  o f  hope;  " t h i s  i s  how i t  is; t h e r e  i s  n o t h i n g  t h a t  

can be done about  it". The combined e f f e c t  i s ' a  combinat ion of g r i e f  w i t h  

s t o i c a l ,  s t r o n g  a c c e p t a n c e  o f  what  is; w i t h o u t  d e f i a n c e  o r  r e b e l l i o n  

( t h i s  impress ion  is  f u r t h e r  a ided  by t h e  na tu re  of  t h e  Mozart p u l s e  which 

has  a  s p e c t a t o r  po in t  of view - s e e  Clynes, 1977b). 

( 7 )  Ind iv idua l  Tone Shapes 

The shapes of each i n d i v i d u a l  tone  a r e  governed by t h e i r  p l a c e  i n  t h e  

m e l o d i c  c o n t e x t .  The s h o r t e r  t o n e s  may seem s i m i l a r  i n  s h a p e  on t h e  
g r a p h ,  b u t  i n  f a c t  t h e y  a r e  v a r i e d ,  a s  can  be s e e n  f r o m  t h e  p  v a u e s  i n  

Table 3. ( sma l l  changes i n  t he  p  va lues  no t i ceab ly  a f f e c t  t h e  q u a l i t y  of  

t h e  sound.) I n  t h e  l o n g e r  t o n e s  s u c h  as t h e  f i f t h  t o n e  o f  b a r s  1 and  2 ,  

f i r s t  and f i f t h  tones of b a r  4, t h e  shape of t h e  t e r m i n a t i o n  of  t h e  tone  

is  a s  impor tan t  a s  i t s  r i s e ,  f o r  app ropr i a t e  expression.  For t h e  s h o r t e r  

tones ,  t he  t e rmina t ion  phase of t h e  tone r e l a t e s  t o  t h e  degree o f  l e g a t o  

t h a t  i s  ach ieved .  S m a l l e r  p  v a l u e s  r e s u l t  i n  g r e a t e r  l e g a t o .  ( 1 t  i s  n o t  

gene ra l ly  necessary  t o  inc lude  a  DC component t o  ma in t a in  a  l e g a t o  be t -  

ween s u c c e s s i v e  t o n e s .  The momentary d r o p  i n  a m p l i t u d e  b e t w e e n  t o n e s  

shaped  by t h e  B e t a  F u n c t i o n  i s  n o t  p e r c e i v e d  by t h e  e a r  i f  i t  i s  q u i t e  
s h o r t ,  a s  is  t h e  case f o r  a p p r o p r i a t e l y  low p  values.) S t a c c a t o  tones  a r e  

produced i n  t h e  f irst  few examples by choosing a p p r o p r i a t e  Beta f u n c t i o n s  
wi th  high p2 values.  

(4) Duration D e v i a t i o n s  
We may n o t e  s y s t e m a t i c  t i m e  d e v i a t i o n s  f rom t h e  g i v e n  n o t e  v a l u e s .  

F i r s t  no te s  i n  each b a r  a r e  lengthened, t h e  second shortened.  Hardly any 

t o n e s  c o r r e s p o n d  i n  d u r a t i o n  t o  t h e  a c t u a l  n o t e  v a l u e .  Some t o n e s  a r e  

lengthened by a s  much a s  39% ( f i r s t  tone i n  b a r  3). S p e c i a l l y  lengthened  
a r e  f i r s t  no tes  of bea t s  5, 9, t h a t  correspond t o  accentua ted  d i s s o n a n t  

tones ,  which l i k e  suspensions a r e  reso lved  i n  t h e  fo l lowing ,  second tone  

of the  bar. Such pro longat ions  induce a lament ing  q u a l i t y  i n  t h e  expres-  

s ion .  



Sound example 1:1 

I n  Sound example 1:1 t h e  theme a s  shown i n  Fig. 1 2  i s  repea ted  t w i c e .  

It is then  heard performed by the  Pro Ar te  Q u i n t e t  (COLH 42 Angel, Great 

Recordings of t h e  Century). A f t e r  t h i s ,  f o u r  s t a g e s  are i l l u s t r a t e d  which  
show t h e  e f f e c t  of  incorpora t ing  t h e  above elements  of expression.  

Stage 1 .  The theme is  played wi th  no elements  of exp res s ion  "read i n t o "  
P- 

t h e  score ,  wi th  no te  values e x a c t l y  a s  i nd ica t ed  i n  t h e  sco re ,  a l l  t o n e s  

o f  e q u a l  a m p l i t u d e ,  and of  t h e  same a m p l i t u d e  s h a p e  ( p  v a l u e s  a r e  1 ,  1 

f o r  a l l  t o n e s ) .  T h i s  o f  c o u r s e  r e s u l t s  i n  a f l a t ,  monotonous ,  d u l l  p e r -  

formance devoid of s ign i f icance .  

S t a g e  2. T h i s  v e r s i o n  i n t r o d u c e s  v a r y i n g  t o n e  a m p l i t u d e s  a s  shown i n  
p- 

Fig .  1 0 ,  b u t  n o t  v a r y i n g  a m p l i t u d e  s h a p e s ,  and r e t a i n s  t h e  d u r a t i o n s  a s  
requi red  by t h e  score.  

S t a g e  3. I n t r o d u c e s  t h e  v a r i e t y  o f  s h a p e s  o f  a m p l i t u d e  t o n e s  a s  i l l u -  -- 
s t r a t e d  i n  t he  f i g u r e ,  using the  p  va lues  given i n  Table 3. 

Stage 4. In t roduces  s u b t l e  dev ia t ions  from t h e  note  d u r a t i o n s  acco rd ing  -- 
t o  t he  va lues  i n  Table 3, thereby g iv ing  i t  increased  v i t a l i t y .  

Fur ther  Observations 

a)  When working wi th  such a  theme one n o t i c e s  f a i r l y  q u i c k l y  t h a t  when 

one changes  t h e  a m p l i t u d e ,  o r  d u r a t i o n ,  o f  one  n o t e ,  i t  a f f e c t s  t h e  
balance of a l l  notes:  t h a t  is, the  theme is  an organic  e n t i t y .  I n c r e a s i n g  

the  loudness of t he  f i f t h  tone of ba r  3 f o r  example even by only s a y  5%, 
o r  one dB, w i l l  a f f e c t  i t s  r e l a t i o n s h i p  wi th  f i r s t  tones  of b a r s  3 and 4. 
Also i t  a f f e c t s  i t s  prominence compared t o  i t s  ad jacen t  tones ,  t he  s i x t h  

and f o u r t h  tones of ba r  3. But f u r t h e r ,  t he  a l t e r e d  ampl i tude  contour  now 

c o n s t i t u t e d  by t h e  peaks  o f  t h e  f i r s t  and f i f t h  t o n e s  o f  b a r  3,  and  t h e  

f i r s t  tone of bar  4 a f f e c t s  how b a r s  1 t o  2  balance w i t h  b a r s  3 t o  4. 

S i m i l a r  o r g a n i c  b e h a v i o r  i s  e v i d e n t  i n  c h a n g i n g  t h e  d u r a t i o n  o f  a  

tone .  A d d i t i o n a l l y ,  chang ing  t h e  d u r a t i o n  o f  a  t o n e  a l s o  a f f e c t s  i t s  



r e l a t i v e  emphasis. For example, lengthening t h e  upbea t  d u r a t i o n  w i l l  tend 

t o  g ive  g r e a t e r  prominence and energy t o  t h e  f o l l o w i n g  main b e a t ,  which 

then  i n  t u r n  w i l l  a f f e c t  i ts  r e l a t i o n  t o  t h e  o t h e r  main beats.  

b) The a p p r o p r i a t e  way t o  r e a l i z e  t h e  t r i l l ,  i n  b a r  4 ,  seemed t o  be  t o  

g r o u p  t h e  t r i l l  i n  t e r m s  o f  3 and 2 n o t e s  (<he l a t t e r  b e i n g  i t s  t e r m i -  

na t ion ) ,  each group under a  s i n g l e  ampli tude contour.  

c )  When a  p h r a s e  i s  r e p e a t e d  s u c h  a s  i n  b a r  3, t h e  a m p l i t u d e  r e l a t i o n -  

s h i p s  may b e  s i m i l a r ,  b u t  n e v e r  t h e  same. Whe the r  t h e y  t e n d  t o  be  aug-  

mented o r  diminished i n  success ive  r e p e t i t i o n s  depends on t h e  s p e c i f i c  

p i e c e ,  t h e  s t r u c t u r a l  d e s i g n ,  and t h e  n a t u r e  o f  t h e  composer .  I n  t h e  

p re sen t  theme t h e  second p r e s e n t a t i o n  i s  l e s s  emphat ic  than  t h e  f i r s t .  

General Charac ter  
The thema t i c  m a t e r i a l  f o r  Ex. I11 B:2, taken  from Schuber t f s  Symphony 

No. 5 i n  Bb, c f .  Fig. 13 and T a b l e  4, b e g i n s  r a t h e r  s i m i l a r l y  t o  t h e  

p r e v i o u s  example  by Mozar t ,  w i t h  a  b roken  t r i a d  f o l l o w e d  by t h r e e  r e -  
p e a t e d  t o n e s  on t h e  dominant .  But what  a  v a s t  d i f f e r e n c e  i n  mood! The 

Schubert theme is s p r i g t h l y ,  f u l l  of wonder, o f  exp lo ra t ion :  t h e  expres-  

s i o n  of t h e  f e e l i n g  of  sp r ing ,  o r  renewal,  o f  hope and g r a t i t u d e  a r e  t h e  

i m a g e s  t h a t  s p r i n g  t o  mind a s  one t h i n k s  o f  t h e  S c h u b e r t  theme.  I n  b a r  

10, e lements  o f  d e s i r e  and longing,  of  being drawn t o  something o f  i n e f -  

f a b l e  q u a l i t y ,  a r e  added t o  t h e  previous joy fu l  movement and impulse ,  t o  

t h e  s imp le  wonder a t  t h e  beauty of  t h e  world. 

Now, how is  a l l  t h i s  communicated i n  t he  m i c r o s t r u c t u r e  and t h e  s t r u c -  

t u r e ?  

A p r e c i s e  answer r equ i r e s  d e t a i l e d  examinat ion o f  t h e  shapes,  d u r a t i o n  

and r e l a t i o n s h i p s  o f  t h e  t o n e s  i n  F ig .  13. T h i s  e x a m i n a t i o n  o c c u r s  i n  

f a c t  a s  t h e  melody i s  shaped  by i t e r a t i o n  o f  p a r a m e t e r  changes :  a  non- 
random walk. We can desc r ibe  some f e a t u r e s  of t h i s  process.  

Looking a t  F ig .  13, we i m m e d i a t e l y  n o t e  a g r e a t e r  v a r i e t y  o f  s h a p e s  
t h a n  i n  t h e  p r e v i o u s  example.  The o p e n i n g  t r i a d  o f  t h e  theme i s  i n  a  

d o t t e d  rhythm,  i n  m a j o r  r a t h e r  t h a n  minor .  To o b t a i n  t h e  a p p r o p r i a t e ,  
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F i g .  13b 

Fig. 13,  Example I11 B:2.  This figure also shows a comparison between 
linearly and logarithmically plotted amplitude shapes. The logarithmical- 
ly scaled shapes are given in the lowest trace. It may be seen that they 
show visually less distinctive forms than the linear version. Listening 
to and viewing these forms simultaneously, the auditory experience not- 
withstanding, its nonlinear aspects seems on the whole to be parallel 
better by the linear forms than by the logarthmic. A wholly appropriate 
visual representation of the auditory experience in visual form still 
remains elusive, as both static and dynamic aspects would need to be 
incorporated in the scaling. The computer plays this example an octave 
lower than written. 



e l a s t i c  bounce, t h e  s h o r t  no te  has  t o  be s h o r t e r  than  t h e  w r i t t e n  v a l u e ,  

and a l s o  somewhat s o f t e r  than  t h e  fo l lowing  main note. 

Of t h e  two F:s ,  t h e  s econd  F  i s  l e s s  s t a c c a t o .  T h i s  a l l o w s  a j o y o u s  

f l o a t i n g  q u a l i t y  t o  be embodied i n  t he  theme: t h e  second F does not  have  
a d r iven  q u a l i t y  and is a  rebound r a t h e r  than  a  bound.  h he r e l a t i o n s h i p  

between the  two Fs i s  very p r e c i s e l y  circumscribed by t h e  q u a l i t y  t o  be 

expressed.) 

The f o l l o w i n g  l o n g  n o t e  ( a l s o  F)  h a s  a  c o m p a r a t i v e l y  g r a d u a l  r i s e  

c o m p a t i b l e  w i t h  a s e n s e  o f  wonder ,  w i t h  b e i n g  drawn t o w a r d s  s o m e t h i n g  

encompassingly l i f e  g iv ing  - e.g. t h e  woods i n  spr ingt ime.  The s y l l a b l e  

"ah!" s a i d  w i t h  t h e  above e x p r e s s i o n  g i v e s  a n  i d e a  o f  t h e  t y p e  o f  s h a p e  

we a r e  conce rned  w i t h  he re .  T h i s  i s  n o t  a  c u r v e  o f  s e x u a l  l o n g i n g ,  

however  - t h a t  would have  a  d i f f e r e n t  shape.  The f o l l o w i n g  f o u r  n o t e s ,  

a l l  of uneven loudness,  s e rve  a s  a  l i n k  o r  e l a b o r a t i o n  ( a c t u a l l y  p e r f o r -  
med by a  d i f f e r e n t  i n s t r u m e n t ,  t h e  f l u t e  i n  t h e  symphony).  The r e i t e -  

r a t i o n  h a s  t h e  same g e n e r a l  c h a r a c t e r  a s  t h e  f i r s t  s t a t e m e n t  b u t  o f  

s u b t l y  d i f f e r e n t  p r o p o r t i o n s ,  s l i g h t l y  more r e t i c e n t .  The l o n g  f i n a l  F  

h e r e  h a s  a n  a m p l i t u d e  s h a p e  v e r y  much l i k e  t h e  sound o f  t h e  S c h u b e r t  

pu lse  i t s e l f .  The fo l lowing  l i n k i n g  f l u t e  passage has  been omi t ted  h e r e  

b e c a u s e  i t  s t a r t s  on a  d i f f e r e n t  t o n e  t h a n  t h e  l a s t  t o n e  o f  t h e  o p e n i n g  

motif and so  would r equ i r e  two voices  f o r  i ts r e a l i z a t i o n .  

The p a i r  o f  i t e r a t i o n s  o f  t h e  m o t i f  s t a r t i n g  on E f l a t  i s  more i n -  

t e n s e .  The s t a t e m e n t  o f  t h e  m o t i f  i n  t h e  minor  t r i a d  c o n t i n u e s  w i t h  a  

chromatic  sequence, a  ges tu re  b r ing ing  a  change i n  f e e l i n g  tone ,  becoming 

more i n w a r d ;  w h i l e  t h e  f o l l o w i n g  s i x  n o t e  c a d e n t i a l  p a s s a g e  s u g g e s t s *  

g r a t i t u d e  and thankfulness .  The e n t i r e  s e c t i o n  s t a r t i n g  from t h e  minor  

t r i a d  i s  then repeated,  more i n t e n s e l y  and wi th  s u b t l y  d i f f e r e n t  i n f l e c -  

t i o n ,  implying knowledge of t he  f i r s t  enunciat ion,  and s a y s  a l s o ,  a s  i t  

+ The word "suggest" has  t he  same roo t  a s  "gesture". 



were ,  "Yes, i t  i s  s o ,  v e r y  much so!", and t h e n  w i t h  a  mic ropause"  , 
r e p e a t s  t h e  last group of 6 tones.  

The m i c r o p a u s e ,  o n l y  25 m i l l i s e c o n d s ,  i s  e s s e n t i a l  t o  t h e  i n t e g r a l  

experience of t h e  8 b a r  phrase. It g ives  the,  s ense  t h a t  t h e  las t  6 n o t e s  

a r e  the  f i n a l  express ion  of t h e  8 ba r  s ta tement .  I n  harmonic t e rms ,  t h e  

micropause g ives  g r e a t e r  emphasis t o  t h e  f o l l o w i n g  F, t h e  Dominant, and 

p r e p a r e s  u s  f o r  a  p e r f e c t  cadence  t o  t h e  T o n i c  o f  t h e  n e x t  b a r ,  ( 6 ) ,  
i n s t e a d  o f  t h e  V - I 1  ( f i f t h  t o  s e c o n d )  s e q u e n c e  h e a r d  t h e  f i r s t  t i m e .  I f  
t h e  same p a u s e  o c c u r r e d  a l s o  i n  t h e  c o r r e s p o n d i n g  p l a c e  t h e  f i r s t  t i m e  

the  chromatic  phrase i s  presented,  i t  would d e s t r o y  t h e  s i g n i f i c a n c e  of 

t h e  second pause, and make t h e  e n t i r e  phrase more banal. Here we encoun- 

t e r  t h e  f i r s t  example of t h e  s i g n i f i c a n c e  of t h e  a p p r o p r i a t e  p l a c i n g  and 

d u r a t i o n  of a  micropause. 

The r e f l e c t i v e ,  c h r o m a t i c  p a r t  o f  t h e  theme u s e s  d i f f e r e n t  t y p e  o f  

s h a p e s  t h a n  we have  e n c o u n t e r e d  s o  f a r ;  and  t h e  G h a s  a  c o n c a v e  r a t h e r  

than convex r i s i n g  curve, w i t h  a  r e l a t i v e l y  h i g h e r  PI value. 

The melodic o u t l i n e  of t h e  f i r s t  two ba r s  of t h e  Schubert  example can 

be superimposed on a  joy e s s e n t i c  form curve wi thout  too  much c o n s t r a i n t ,  

a s  a n  example  of  a  d i s c r e t e  r e a l i z a t i o n  o f  t h e  c o n t i n u o u s  cu rve .  The 

d o t t e d  rhythm and t h e  p r o l o n g e d  f i r s t  n o t e  a d m i t  a  " jumping  f o r  joy" 
e f f e c t  t o  be embodied. T h i s  g i v e s  a n  e a r t h y  c h a r a c t e r  t o  t h e  f i r s t  t o n e  

(B f l a t ) ,  a  s o l i d i t y  which c o n t r a s t s  w i t h  t h e  a i r i n e s s  of t h e  f i r s t  two 

repeated F:s. The d i s t i n c t i o n  he re  is  f a r  more s u b t l e  than  a  mere accen- 
t u a t i o n  o f  t h e  f i r s t  b e a t  o f  t h e  b a r  - which  would  a p p l y  a s  w e l l  t o  t h e  

f i r s t  G of t he  Mozart example. They each r e q u i r e  a very  d i f f e r e n t  form of 

s t r e s s  and a m p l i t u d e  shape.  We c a n  a l s o  i l l u s t r a t e  t h e  d i f f e r e n c e  i n  

s h a p e  and s t r e s s  of t h e  f i r s t  n o t e s  o f  b a r  1 i n  t h e  S c h u b e r t  a n d  Mozar t  

examples by th inking  s y l l a b l e s  f o r  them: i n  t h e  Schuber t ,  we may t h i n k  

- 
l a i - a - l a l - l a - l a  

- - 
or ,  da i - a - l a l - l a l - l a  

- - - -m---  

* 
Not a s  long a s  a  "breathing pause" o r  "Luftpause" i s  g e n e r a l l y  taken. 

1 1 2  



I n  the  Mozart, we have 

Note t h a t  t h e  a i  s y l l a b l e ,  p ronounced  a h  e e ,  c a r r i e s  w i t h  i t  a  s h a p e  

g iv ing  upward momentum, t h e  i having a h ighe r  second formant ,  so  t h a t  we 

t e n d  t o  f e e l ,  on t h a t  f i r s t  s i n g l e  t o n e ,  a  t u r n  o f  d i r e c t i o n ,  a s w i n g  

from down t o  up. I f  accompanied by a s i n g l e  bea t  of t he  arm, l a  is on t h e  
* down s w i n g  , i on t h e  up bound. C o n s i d e r  how d e a d l y  i t  i s  t o  u s e  t h e  

s y l l a b l e s  f o r  t h e  Mozart example on the  Schubert theme. 

We s h a l l  s e e  l a t e r  i n  Sec t ion  D how many m i c r o s t r u c t u r a l  c h a r a c t e r i s -  

t i c s  observed s o  f a r  t u r n  out  t o  be t h e  consequence of t h e  s p e c i f i c  p u l s e  

of  t h e  composer ,  and t h a t  by s e e i n g  how t h e  p u l s e  m o d i f i e s  b o t h  t h e  

ampli tude p a t t e r n s  and the  du ra t ions  we f i n d  an  impor tan t  key t o  gene- 
r a t i n g  the  app ropr i a t e  nuances demanded by the  music. 

Sound Example 1:2 

A s  f o r  t h e  Mozar t  example ,  t h e  compu te r  v e r s i o n  i s  p l a y e d  f i r s t ,  a n d  

repeated i n  Sound Example I:2. The two performances of t he  same pas sage  

is  played, f i r s t  by Herbert  von Karajan and t h e  B e r l i n  Phi lharmonic,  and 

secondly by Karl  Bohm and the  Vienna Philharmonic. 

Then, t o  show the  r e l a t i v e  con t r ibu t ions  of t he  va r ious  f a c t o r s  t o  t h e  

express iveness  we present  f o u r  d i f f e r e n t  s t a g e s  of developing the  micro-  

s t r u c t u r e  o f  t h e  theme,  a s  f o r  t h e  Mozar t  example.  F i r s t ,  showing  t h e  

theme w i t h o u t  r e a d i n g  any  l o u d n e s s  r e l a t i o n s h i p s  i n t o  t h e  s c o r e ;  

s e c o n d l y ,  i n c l u d i n g  r e l a t i v e  a m p l i t u d e  s i z e s ,  b u t  o f  t h e  same s h a p e ;  

t h i r d l y ,  i nc lud ing  varying ampli tude shapes; f o u r t h l y ,  i nc lud ing  d u r a t i o n  

-E 
This  means a l s o  t h a t  the  consonant i n  such a  s y l l a b l e  comes w e l l  b e f o r e  

t he  down bea t  i n  sound, i n  f a c t  begins t oge the r  w i th  t h e  beginning of  t h e  
downward motion (cf .  Clynes & Walker, 1982). 



F i g .  14b 

F i g .  14a 

Fig. 14a. Sentograms for pulse (top traces) and essentic form (bottom 
traces) simultaneously expressed by right hand (pulse, RH) and left hand 
(essentic form, LH) on two sentographs. The subject is asked to "conduct" 
the music in this manner, touching and pressing on each sentograph with 
the middle finger of each hand, in a sitting position. The sentograms 
express the music, illustrated at the bottom of the figure that is being 
thought by the subject (no sound is used). For each hand, vertical and 
horizontal components are shown (v and h). Reprinted from 14. Clynes: 
Sentics, the Touch of Emotions (1977b). 

-p- 

Fig. 14b, Example 111 B:?,  F. Chopin, Ballade No. 3, Op. 47. For explana- 
tions, see legend of Fig. 12. 



d e v i a t i o n s .  The h e a r e r  w i l l  b e  a b l e  t o  judge  f o r  h i m s e l f  t h e  r e l a t i v e  

c o n t r i b u t i o n  o f  e a c h  f a c t o r .  I n  c r e a t i n g  t h e s e  e x p r e s s i v e  q u a l i t i e s  o n  

t h e  compu te r  a s  d e s c r i b e d  i n  a p r e v i o u s  s e c t i o n ,  t h e s e  s t a g e s  a r e  n o t  

c a r r i e d  o u t  c o n s e c u t i v e l y ;  t h e  " s t a g e s "  a r e  presented f o r  i l l u s t r a t i o n  

purposes only .  

The open ing  theme o f  Chopin's B a l l a d e  Number 3 i n  A f l a t ,  c f .  F ig .  1 4  
and Table 5, i l l u s t r a t e s  how a melody w r i t t e n  f o r  piano, a n  i n s t r u m e n t  o f  
l i m i t e d  a b i l i t y  t o  v a r y  a m p l i t u d e  s h a p e s ,  c a n  b e  e x p r e s s e d  by v a r y i n g  

ampli tude shapes according t o  i ts  c h a r a c t e r  and not  i n  v i o l a t i o n  of  it. 
I n  t h i s  example ampli tude tone shapes a r e  r e a l i z e d  t h a t  a r e  i m p l i c i t  i n  

the  melody, and a r e  heard inwardly  even when they  a r e  n o t  a c t u a l l y  pro- 

duced. One th inks  t h i s  melody w i t h  these  shapes. 

I t  i s  i n t e r e s t i n g  t o  compare t h e  r e a l i z a t i o n  of t h i s  t h e m e  w i t h  t h e  

s e n t i c  a n a l y s i s  g i v e n  i n  C l y n e s  (1977b),  s e e  Fig.  14a ,  s h o w i n g  s i m i l a r  
f e a t u r e s  i n  terms of touch express ion  - an  observa t ion  t h a t  h a s  r e l evance  

t o  the  touch-to-sound transform. 

Sound Example - I:3 

I n  t h i s  example  t h e  compu te r  v e r s i o n ,  i s  f i r s t  p l a y e d  t w i c e .  Then  

comes the  theme a s  performed by Arthur  Rubinstein,  fo l lowed once more by 

t h e  computer version.  Notable i n  t h i s  example i s  t h e  s t r o n g  ruba to  i n  t h e  

second p a r t  of t he  f i r s t  bar. This  quickening reaches i ts  maximum e x t e n t  

on the  f o u r t h  e igh th  note  and is counterweighed by a s lowing  down i n  much 

of the  second bar. 

Comments 

The lengthened f i r s t  tone of t he  second bar ,  a f t e r  t h e  urgency of  t h e  

p r e v i o u s  b a r ,  w i t h  i t s  s h a p e  s u g g e s t s  a c o n t i n u i n g  s e n s a t i o n  o f  b e i n g  
c a r r i e d  upwards, a lmost  we igh t l e s s ,  fol lowed by a g e n t l e  r e t u r n  t o  e a r t h  

i n  t h e  f i n a l  two n o t e s .  The upward sweep i s  n o t  t h e  r e s u l t  o f  p h y s i c a l  
exe r t i on ,  a s  the  example of joyous a c t i v i t y  i n  t he  previous  example from 

Schubert,  but  r a t h e r  of being c a r r i e d  by an ambience, a l m o s t  a swoon: as 

i f  a magic event has occurred. A l l  t h a t  i s  impl ied  by t h i s  s h o r t  theme o f  

a few notes  played wi th  app ropr i a t e  nuance and i n f l e c t i o n .  



We may also sense a freeing of fantasy from ordinary sensory exper- 

ience towards magical transformation: a longing, fascination, bewitchment 

with loveliness, a seeking of another person, an apparition. How well 

does this theme in fact portray the atmosphere of the poem - Chopincs 
background for this composition - of Ondine and the beguiled fisherman! 

Ex. I11 B:4, Beethoven Violin Concerto, 3rd Movement, cf. Fig. 1 5 and 
Table 6, shows a number of aspects not previously encountered. First is 
the need to use more than one Beta Function for certain tones in order to 

create the proper amplitude form. In the second note of the theme a later 

peak provides an added emphasis, a winged pulsation needed for the 

special qualities of energy required by this tone. The activity of the 
tone continues after the first attack, a secondary action approximately 

230 msec after the first attack adding swing to the movement implied by 
the motif. In the absence of the secondary activity the tone would sound 

quite flat and uninteresting.  h he effect should be clearly distinguished 
from vibrato.) 

Secondly, we encounter the use of alterations of durations of notes 

that have a larger structural meaning and serve to group tones together 
as separate gestures. This occurs for example at the 5th note from the 

end. The previous note is appreciably shortened, and the new note enters 

before its due time, signifying with its five note group that it is 

terminating the theme, saying as it were, "no more" with Beethovenian 
determination. If the 6th note before the end is not shortened the theme 
becomes more relaxed, un-Beethovenian. 

A similar shortening must not occur of course in the corresponding 
place in bar 3 and 4. There, however, musical logic requires a different 
microstructural intervention, a subtle, slight acceleration within three 
eighths notes of bar 4, grouping them so that the second is heard as a 
rebound from the first. 

(1n the musical illustration the Fritz Kreisler presents a rather 

extreme version of this nuance, adding a measure of charm and humour.) 
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Fig .  1 5 ,  Example  I11 B:4, L. v a n  B e e t h o v e n ,  V i o l i n  C o n c e r t o ,  Op. 61 , 
t h i r d  movement. For  exp l ana t i ons ,  s e e  legend of  Fig. 12. 



Without such grouping, these notes are structurally isolated, and the 

theme loses continuity and humor, becomes stodgy. 

An interesting feature is also the way in which the repetition of the 

first five notes needs to be different in subtle ways each time it 
occurs. If that motif is played in the same way each time, even though it 
is wholly satisfying the first time it is played, it loses interest on 
repetition. Here we see how the brain remembers the specific relation- 
ships and amplitude shapes so that even slight changes on repetition are 

perceived, and affect the significance of what is played. 

The Beethovenian way in this example appears to play the second time 

somewhat more emphatically. For the third and fourth repetetions this 

pattern cannot be repeated, however. It would lead to wrong expectations 
(and appear dull witted). Instead, the order is now reversed, the fourth 

repetition is less emphatic than the third. We thus have an ABBA struc- 
ture of intensity where B is more intense than A, an unwritten structure 

which we may find is often applicable to ~eethoven." (1n Mozart we often 
find ABAB where B may be less intense than A.) 

The relationship is not one of intensity alone, however. In the fourth 

repetition, the tone A needs to have less of the "swing", less secondary 

activation, i.e. the shape of tone needs to be different as well as its 

volume. Only in that way is musical logic satisfied. 

The need for the different microstructure for the Ds in bars 3 and 7, 
respectively, arises out of the specific melodic and harmonic structure 

of the theme; in one case the impetus being continuingly forward, ending 
in a semicadence, in the second case preparing for the ending of the 
phrase, putting a slight brake on the impetus before arrival of the 
cadence. 

X- 
A symmetry that contributes to the feeling of strength inherent in 

Beethoven's music. 



The p o i n t  i s  i n  t h e  b a l a n c e d  t r e a t m e n t  o f  t h e  g r e a t  a c c u m u l a t i o n  o f  

energy. A sense  of d i r e c t e d  energy, d i g n i t y  and even a t o u c h  of n o b i l i t y  
i s  a c h i e v e d  i n  t h i s  way wh ich  we r e c o g n i z e  a s  p a r t i c u l a r l y  B e e t -  

* hovenian. 

The s l i g h t  s h o r t e n i n g  o f  t o n e s  4 and 10 ( a  l i t t l e  l e s s )  and  s i m i l a r  

p l a c e s  i s  r e q u i r e d  f o r  t h e  j o y f u l  and p l a y f u l  c h a r a c t e r  o f  t h e  t h e m e ;  

here ,  t h e r e  is an  upward bound fol lowed by a r e s t ,  a micropause  - i f  we 
t h i n k  o f  a n  a n a l o g y  a s  a n  e a g l e  migh t  f l o a t  f o r  a n  i n s t a n t  b e f o r e  e x e r -  
t i n g  h i s  wings aga in ,  t h i s  analogy p o i n t s  t o  p a t t e r n s  o f  mo to r i c  command 

sequence a s  under ly ing  micros t ruc ture .  

The t r i l l ,  a s  i n  t h e  Moza r t  example ,  a p p e a r s  t o  be  b e s t  e x e c u t e d  by 
g r o u p i n g  t h r e e  and  two n o t e s  t o g e t h e r  unde r  one a m p l i t u d e  s h a p e  e a c h  
( v i o l i n i s t s  o f t e n  execute l e s s  than  5 notes  f o r  t h e  t r i l l ) .  

The va r ious  degrees  of s t a c c a t o  wi th  which each of t h e  e i g h t  n o t e s  i n  

b a r  3 (and b a r  7 )  a r e  p l a y e d  ( a s  w e l l  a s  t h e  l a s t  e i g h t h  n o t e  i n  b a r  2 ,  

and i n  b a r  6 )  h a s  a n  i m p o r t a n t  b e a r i n g  on how t h e  m u s i c  i s  m e n t a l l y  
grouped (cf.  t h e  He i f e t z  and t h e  Menuhin performances f o r  e n t i r e l y  d i f -  

f e r e n t  v i ews) .  

Sound Example 1 :4  

The theme is played tw ice  by t h e  computer. Then we hea r  v e r s i o n s  by 
1. David Oistrakh and Orchestra  Nat ionale ,  conducted by Andre Cluytens.  
2. Jascha Hei fe tz ,  and N.B.C. Symphony, conducted by Ar tu ro  Toscanini.  
3. Yehudi Menuhin, and Ber l in  Philharmonic,  conducted by Wilhelm F u r t -  

wangler 

4. F r i t z  Kre i s l e r ,  and Ber l in  S t aa t sope r  Orchestra  conducted by Leo Blech 
5. Wolfgang Schneiderhan, and t h e  Ber l in  Philharmonic,  conducted by Paul  

von Kemper 
F ina l ly ,  t h e  computer is heard again. 

* 
A s i m i l a r  t r e a t m e n t  i s  o f t e n  found i n  Handel ,  a c o m p o s e r  f o r  whom 

Beethoven had the  g r e a t e s t  admirat ion.  



Note t h a t  f o r  a l l  t h e  e x a m p l e s  g i v e n  i n  t h i s  p a p e r ,  t h e  c o m p u t e r  

v e r s i o n s  w e r e  made i n d e p e n d e n t l y  f rom and b e f o r e  a n y  o f  t h e  r e c o r d e d  

examples were l i s t e n e d  to. There was no a t t empt  t o  match any cha rac t e -  

r i s t i c s  f rom t h e  r e c o r d e d  p e r f o r m a n c e s ,  o r  t o  ma tch  t h e  t i m b r e s  o f  a  

v i o l i n  eventhough they c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  energy. 

The example  shown i n  F ig .  1 6 ,  c f .  a l s o  T a b l e  7 ,  a l l o w s  u s  t o  o b s e r v e  

t h e  exp res s ive  forms of love  and reverence i n  t e rms  of t h e  behaviour  of 

ampl i tude  forms. I n  t h e  f i r s t  ba r  t h e  express ion  of  l ove  i s  comprised i n  

t h e  p i t c h  c o n t o u r :  t h e  t o n e s  F s h a r p  E (and i t s  r e i t e r a t i o n )  c a n  b e  

c o n s i d e r e d  t o  be d i s c r e t e  r e a l i z a t i o n s  f i t t i n g  t h e  s h a p e  o f  t h e  l o v e  

frequency contour.  The ampli tude forms c l a r i f y  and r e i n f o r c e  t h e  e s s e n t i c  

form. One can o b t a i n  d i f f e r e n t  shades of t he  exp res s ion  of l ove  by choo- 

s i n g  d i f f e r e n t  ampli tude shapes of  t hese  two tones ,  e s p e c i a l l y  t h e  E:s; 

depending on t h e  ampli tude forms chosen we can o b t a i n  a  more agape- l ike  

o r  a  more pas s iona te  expression. The 16 th  no te s  t h a t  f o l l o w  a r e  a  wonder- 

f u l  l i n k ,  w i t h  i t s  own exa l t ed  express ion ,  p repa r ing  u s  f o r  t he  nex t  love  

e x p r e s s i o n  w i t h  a  somewhat g r e a t e r  i n t e n s i t y ,  one  s t e p  h i g h e r  i n  t h e  

s c a l e ,  G and F s h a r p .  S i m i l a r l y ,  f o r  t h e  n e x t  r e p e t i t i o n ,  w i t h  more 

i n t e n s i t y .  The love express ion  reaches i t s  g r e a t e s t  i n t e n s i t y  a t  t h e  h igh  

p o i n t  of the  phrase, w i th  t he  ED. Here aga in  t h e  way t h e  ampl i tude  forms 

a r e  shaped on t h e  E and D i s  c r i t i c a l  t o  t h e  type  of expression.  Thus, i f  

we shape the  E w i th  a r e l a t i v e l y  e a r l y  peak fo l lowed by a  decaying phase 

t h i s  produces a  poignant inwardness,  (cf .  an  i n s p i r a t i o n ) .  A more rounded 

s h a p e  of  t h a t  t o n e  p roduces  a  more o u t f l o w i n g  l o v e  e x p r e s s i o n ,  ( c f .  

e x p i r a t i o n )  - i n  each case  t h e  g e s t u r e  and meaning have a  d i f f e r e n t  form. 

Towards t h e  end of  t h e  theme we e n c o u n t e r  t h e  e x p r e s s i o n  o f  r e v e r e n c e ,  

which i s  enhanced by t h e  proper  choice of ampl i tude  s i z e s  and forms f o r  

e a c h  tone. 

I t  i s  a  m a t t e r  of  p e r f e c t i n g  t h e  s i z e s  and s h a p e s  of  t h e s e  t o n e s  t o  

o b t a i n  a more and more a p p r o p r i a t e l y  meaningful exp res s ion  i n  t h i s  theme 

which se rves  a s  a  r epos i to ry  of man's most e x a l t e d  f ee l ings .  

I n  t h i s  example, e s s e n t i c  form plays  a  g r e a t e r  r o l e  i n  comparison w i t h  

t h e  e f f e c t s  o f  t h e  p u l s e  t h a n  we found i n  t h e  e a r l i e r  examples .  The 



Fig. 1 6 ,  Example I11 B : 5 ,  L. van Beethoven,  Symphony No. 9 ,  Op. 1 2 5 ,  
t h i r d  movement. For explanations, see  legend of Fig.  12. 



s lower  t h e  music, t h e  more prominent t h e  f e a t u r e s  o f  t h e  e s s e n t i c  form 

a r e  compared w i t h  t h o s e  o f  t h e  p u l s e ;  b o t h  i n  t e r m s  o f  a m p l i t u d e  r e l a -  

t i o n s h i p  and i n  d u r a t i o n  devia t ions .  

Sound Example 1:s 

I n  a d d i t i o n  t o  t h e  computer vers ion ,  performances by Ar turo  Toscanin i  and 

the  NBC Symphony, and by Wilhelm Furtwangler  and t h e  B e r l i n  Phi lharmonic  

a r e  h e a r d .  

I11 C. Re la t ion  l i n k i n g  ampl i tude  shapes  

of  i n d i v i d u a l  tones t o  melodic form 

Having o b s e r v e d  and worked w i t h  a  l a r g e  number  o f  e x a m p l e s  i n  t h e  

manner i l l u s t r a t e d  i n  t he  previous  sec t ion ,  and cons idered  t h e  i n t e r a c -  

t i o n  between ampl i tude  shapes of i nd iv idua l  tones  and t h e  music, we were 

enabled t o  p o s i t  t h e  fo l lowing  r e l a t i o n s h i p  between t h e  ampl i tude  shapes  

and the  melodic course of t h e  music. 

A and P  Classes  of Amplitude Shapes 

l .  L e t  u s  c o n s i d e r  t h e s e  s h a p e s  t o  b e l o n g  t o  a c o n t i n u m  b e t w e e n  two 

c l a s s e s ,  and A w i t h  i n t e r m e d i a t e  s h a p e s  b e t w e e n  t h e  two ex- 

t r e m e s .  We may c o n v e n i e n t l y  c a l l  t h e s e  c l a s s e s  (A)  a s s e r t i v e  and (P)  

p l a i n t i v e  o r  pleading,  r e spec t ive ly ,  wi thout  w i sh ing  a t  a l l  t he reby  t o  

t i e  t he  musical  express ion  t o  such ca t egor i e s  of course ,  c f  F i g  1 1 .  

We can  t h e n  c o n s i d e r  a n  a c t u a l  t o n e  s h a p e  a s  p l a c e d  somewhere  a l o n g  

t h i s  continuum - and cons ider  t he  na tu re  of t he  i n f l u e n c e  t h a t  d i s p l a c e s  

i t  from a n e u t r a l  p o s i t i o n ,  i. e. t h e  b a s e  s h a p e ,  t o  t h e  p l a c e  on t h i s  

continuum where i t  needs t o  be. 

We can desc r ibe  forms a long  t h i s  continuum by p a i r s  of  p  v a l u e s ,  s t a r -  

t i n g  f rom a  b a s e  s h a p e ,  s a y  1 ,  1 ,  s u c h  t h a t  a s  t h e  v a l u e s  of  p1 i n c r e a s e  



those of p2 decrease  i n  proport ion,  and v i ce  versa. Thus s a y  f o r  example 
0.9, 1 .l 1 ; 0.8, 1.25; 0.7, 1.42 e t c .  w i l l  g i v e  a  s e r i e s  o f  s h a p e s  s h i f -  
t i n g  g radua l ly  towards c l a s s  A ,  which has a  r e l a t i v e l y  s h a r p  r i s e  t ime.  

The i n v e r s e  s e r i e s  1 . 1 1 ,  .g; 1.25, 0.8; 1.42, 0.7 e t c .  w i l l  t e n d  more a n d  

more towards c l a s s  P, of gradual  r i s e  time. 

2. We t h e n  c a n  c o n s i d e r  t h e  i n f l u e n c e  which c a u s e s  t h e  s h i f t  t o  be  t h e  

s l o p e  of  t h e  e s s e n t i c  fo rm,  a s  measured  by t h e  s l o p e  o f  t h e  p i t c h  con-  

tour .  

More p a r t i c u l a r l y ,  t h e  d e v i a t i o n  f rom a  b a s e  s h a p e  f o r  a p a r t i c u l a r  

tone is  seen  t o  be a func t ion  of t h e  s lope  of t h e  p i t c h  c o n t o u r  ( e s s e n t i c  

form)  a t  t h a t  t one :  b o t h  p i t c h  and d u r a t i o n  d e t e r m i n e  t h e  d e v i a t i o n  i n  

such a  way t h a t :  

a )  Downward s t e p s  i n  p i t c h  d e v i a t e  t h e  shape  t o w a r d s  A ,  upward s t e p s  
towards P, i n  p ropor t ion  t o  t he  number of semitones be tween  tone and t h e  

n e x t  tone. 

b) Deviat ions a r e  a f f e c t e d  by the  du ra t ion  of t h e  tone s o  t h a t  t he  l o n g e r  

t h e  tone, t h e  s m a l l e r  t h e  dev ia t ion  ( s ince  the  s lope  is correspondingly  

smal le r ) .  

Fur ther ,  i n  p r a c t i c e ,  t h e  s lope  is  measured from t h e  beginning of  t h e  

tone considered t o  t h e  fo l lowing  tone. I n  measuring t h e  s l o p e  between t h e  

t o n e  and t h e  n e x t  t o n e ,  r a t h e r  t h a n  t h e  p r e v i o u s  t o n e ,  t h e  a m p l i t u d e  
* 

shape acqu i r e s  a  p r e d i c t i v e  function. This  appears  t o  match w e l l  w i t h  
i t s  a c t u a l  f u n c t i o n  i n  music ,  r e l a t i n g  t h e  p r e s e n t  t o n e  t o  what  i s  t o  

fol low,  and may be considered t o  be i n  accordance w i t h  m u s i c a l  l og ic .  It 
g ives  a  sense of c o n t i n u i t y  both musica l ly  and i n  te rms  o f  f ee l ing .  

8 
The f i r s t  d e r i v a t i v e  of  a  f u n c t i o n  h a s  a  p r e d i c t i v e  p r o p e r t y  

( lead i n  phase). The ampli tude shape a s soc i a t ed  w i t h  a  p a r t i c u l a r  
s l o p e  l e a d s  u s  t o  e x p e c t  a  m e l o d i c  s t e p  i n  a c c o r d a n c e  w i t h  i t .  
The movement of t h e  melodic l i n e  i s  thus  prepared. 



E x p e r i e n c e  shows t h a t  t h e  p r o p o r t i o n a l i t y  c o n s t a n t  n e e d s  t o  be  a n  

approximately 10% change i n  t h e  p-values per  semi tone ,  f o r  t ones  of  250 

msec d i l r a t i o n .  The s h i f t  i s  o f  c o u r s e  t o  be  e x p e c t e d  t o  be  l i n e a r  o n l y  

o v e r  a  l i m i t e d  r ange ;  t h e  d e g r e e  o f  n o n l i n e a r i t y  f o r  b o t h  t h e  d u r a t i o n  

and p i t c h  f a c t o r s  needs t o  be determined more p r e c i s e l y .  

I n  o r d e r  t o  s e e  how t h e  d u r a t i o n  f a c t o r  and t h e  p i t c h  f a c t o r  may obey 

d i f f e r e n t  power laws, t he  equat ion  i s  put i n t o  t h e  form: 

- bsexp (-aT) 
P1  - 'l(i) 

- - bsexp (-aT) 
'2 - P 2 ( i l e  

where S = number of semitones upwards t o  next  tone  
b  = modulation cons tan t  of  by frequency 

a  = modulation cons tan t  of  p1,2 by d u r a t i o n  
T = dura t ion  of tone i n  mi l l i seconds  

p1 ( i ) ,  p2(i)  = i n i t i a l  base va lues  of p1 and p2 

Experience has shown t h a t  f o r  much music p r e f e r r e d  va lues  a r e  

T a b l e  8 g i v e s  t h e  d e v i a t i o n s  o f  p  v a l u e s  f o r  v a r i o u s  d u r a t i o n s  and  

s t e p s .  The f o r m u l a t i o n ,  o f  c o u r s e ,  i s  a n  i n i t i a l  one  and i s  s u b j e c t  t o  
8 

refinement . 

8 
To the  ex ten t  t h a t  equiva len t  ampl i tude  shapes a t  d i f f e r e n t  p i t c h e s  may 

be somewhat d i f f e r e n t ,  a  s m a l l  c o r r e c t i o n  f a c t o r  f o r  t r a n s p o s i t i o n  would 
a p p l y  t o  t h e  v a l u e s  o f  a  and  b  i n  t h e  e q u a t i o n ;  t h e  amount  o f  s u c h  
c o r r e c t i o n  needs t o  be determined. 



Choice of Base Values -- 

There remains t o  cons ider  t he  choice  of t he  base form, which we have 

nominal ly put a t  1 ,  1. 

I n  music of d i f f e r e n t  composers, and of d i f f e r e n t  types ,  i t  would seem 

t h a t  c e r t a i n  p re fe r r ed  base va lues  apply. Values i n  t h e  v i c i n i t y  of  1.2, 
0.8 appear  an  appropr i a t e  choice f o r  much of Beethoven - g i v i n g  a  g r e a t e r  

l e g a t o  and more g r a d u a l  a t t a c k .  F o r  Moza r t ,  b a s e  v a l u e s  a r o u n d  0.9, 1.1 

g i v e  a  more r a p i d l y  d e c a y i n g  sound,  and  a  somewhat  s h a r p e r  a t t a c k .  F o r  

Schubert base va lues  i n  t h e  v i c i n i t y  of 1.15, 0.9 seem t o  be appropr i a t e .  

These va lues  a r e  inf luenced by t h e  type  of i n s t r u m e n t a l  sound t h a t  t h e  

s t y l e  of  t h e  composer  a p p e a r s  t o  r e q u i r e ,  and may a l s o  b e  l i n k e d  t o  

h i s t o r i c a l  cons idera t ions  of t he  in s t rumen t s  i n  use a t  t h e  t ime. They may 

a l s o  be r e l a t e d  t o  how the  i n n e r  pu l se  a f f e c t s  t h e  mic ros t ruc tu re ,  which  

we w i l l  cons ider  i n  the  next  sec t ion .  

Other Imp l i ca t ions  

( 1 )  S i l ence  before  downward l eaps  

The r u l e  i m p l i e s  t h a t ,  w i t h i n  a  l e g a t o - t y p e  melody,  f o r  a  t o n e  o f  

g i v e n  d u r a t i o n ,  t h e  l a r g e r  t h e  upward l e a p  i n  p i t c h  t o  t h e  t o n e  t h a t  

f o l l o w s ,  t h e  more s h o u l d  t h e  t o n e  have  a  P-form, and  t h e  l a r g e r  t h e  

downward leap ,  t he  more marked the  A-form. I n  t he  case of  a  downward l e a p  

i n  modera t e  and f a s t  tempo, t h i s  c a n ,  depend ing  on t h e  s i z e  o f  t h e  l e a p  

and t h e  d u r a t i o n  of  t h e  t o n e  s t a r t i n g  t h e  l e a p ,  r e s u l t  i n  a  m o m e n t a r y  
s i l e n c e  i. e. a  m i c r o s i l e n c e ,  due t o  t h e  t a i l  o f  t h e  A-form, b e f o r e  t h e  

low tone. This  i s  f e l t  a s  app ropr i a t e  i n  l a r g e r  downward leaps.  I n  upward 

l eaps ,  s i l e n c e  w i l l  tend t o  occur before  the  tone s t a r t i n g  t h e  leap*. 

* Note, however, t h a t  f o r  s t a c c a t o  o r  s t r o n g l y  non-legato upward l e a p s ,  a  
m i c r o p a u s e  i s  o f t e n  r e q u i r e d  a f t e r  t h e  t o n e  s t a r t i n g  t h e  l e a p .  T h i s  
m i c r o p a u s e  i s  g r e a t e r ,  t h e  l a r g e r  t h e  l eap .  The B e t a  f u n c t i o n  s h a p e  
cannot i n  t hese  cases  p r e d i c t  t he  l e a p  a s  e f f e c t i v e l y ,  s o  t h a t  t h e  micro-  
pause  o f t e n  s t a n d s  i n  a s  a p r e d i c t i v e  d e v i c e  - i n  a c c o r d a n c e  a l s o  w i t h  
t h e  sensed "dis tance" and i m p l i c i t  muscular e f f o r t  and t ime  taken  t o  g e t  
''up the re" .  



( 2 )  Expressiveness  of s c a l e s  

Also imp l i ed  is t h a t  tones of s c a l e s  have somewhat more P-shape going 

up, and going down more A,  t h e  exac t  dev ia t ion  depending on t h e  tempo a s  
g iven  by equa t ion  (3). I n  f a c t ,  s c a l e s  become cons ide rab ly  more musica l  

when t h i s  r u l e  i s  appropr i a t e ly  observed. 

We may a l s o  r e l a t e  t h e  a m p l i t u d e  s h a p e  d e v i a t i o n s  t o  t h e  t y p e  o f  

g e s t u r e s  w i t h  which one would conduct t h e  music; o f t e n  a downward g e s t u r e  

g o e s  w i t h  g r e a t e r  A ( a s s e r t i v e ) ,  a n  upward g e s t u r e  w i t h  more  P ( p l a i n -  

t i v e ,  p l e a d i n g ) .  

(7)  L i m i t a t i o n s  of t h e  equat ion  

By t h e  n a t u r e  of t h e  r u l e ,  i t  c a n n o t  p r e d i c t  t h e  a m p l i t u d e  s h a p e  o f  

t h e  l a s t  t o n e  o f  a  melody,  s i n c e  i t  m e a s u r e s  s l o p e  t o  t h e  n e x t  n o t e .  

Thus,  i t  must  be  e n t e r e d  manual ly .  I t  i s  p o s s i b l e ,  however ,  t h a t  a  r u l e  

r e f e r r i n g  t o  l a s t  no te s  of phrases  only could be formula ted  which would 

a l s o  take  i n t o  account a s p e c t s  of l a r g e r  s t r u c t u r e s .  Fu r the r ,  i t  does not  

apply t o  tones  which r e q u i r e  more than  one Beta func t ion .  

The b a s i c  thought behind t h i s  fo rmula t ion  is: i f  we can cons ide r  t h e  

a v a i l a b l e  shapes t o  l i e  a long a  continuum between A- and P-forms, t hen  

t h e  s l o p e  o f  t h e  e s s e n t i c  form a t  t h a t  t o n e  d e t e r m i n e s  where  i n  t h a t  
continuum a p a r t i c u l a r  tone l i e s .  

Musical I l l u s t r a t i o n s  

The t h r e e  examples shown i n  Fig:s 17, 18, and 19 ( c f  a l s o  Table 9, 10, 
and  1 1 )  f o r  wh ich  t h e  p - v a l u e s  d e t e r m i n i n g  t h e  a m p l i t u d e  s h a p e s  w e r e  

ca l cu la t ed  according t o  equat ion  (7), show t h a t  t h e  r e l a t i o n s h i p  of t h i s  
equat ion i s  app l i cab le  t o  var ious  s t y l e s .  Amplitude shapes a r e  produced 



Fig. 17,  Example I11 C : l ,  P. Tchaikowski, Symphony No. 6, Op. 74, first 
movement. For explanations, see legend of Fig. 12. 
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Fig. 18, Example I11 C:2, J. S. Bach, Choral from Cantata No. 140 "Wachec 
auf". The computer plays this example in the key of G. For explanations, 
see legend of Fig. 12. 

that fit the melodic character, and augment its eloquence in a way that 

suits its particular expressive nature. We can also note how they contri- 

bute to the feeling of continuity - and the continuity of feeling: the 
expectancies generated from tone to tone. 

We may hear from these examples that the p-values are determined well 

by the relationship given equation (3). It is interesting to note that 
for Sound Example 3, two days had been spent trying to find the proper 
shapes by the "manual" method. But the result was still unsatisfactory, 

and was rejected. Later, applying the rule of equation (3) to the same 
example the resulting version sounded much better in less than five 

minutes than two daysc effort of using oners musical judgment! 

Perhaps the listener may judge that some of the nobility of this theme 
has been captured by this realization. 

The appropriateness of the relationship as given is also demonstrated 

by the need for observing the right choice of proportionality for the 



Fig. 19, Example I11 C : 3 ,  L. van Beethoven, Violin Concerto, Op. 61, 
first movement. For explanations, see legend of Fig. 12. 



i n t e r a c t i o n  between p i t c h  change and shape dev ia t ions .  A d e v i a t i o n  of t he  

p-values by 20% pe r  semitone f o r  tones  of 250 msec d u r a t i o n ,  f o r  example, 

would tend t o  be f e l t  a s  g r e a t l y  exaggerated. F u r t h e r  examples a r e  g iven  

.in t h e  next  s ec t ion .  

The p a r t i c u l a r  m e r i t  of t h i s  formula t ion  may be s e e n  i n  t h a t  i t  har- 

moniously i n t e g r a t e s  t h e  behaviour of s i n g l e  t ones  t o  t h a t  of  t h e  l a r g e r  

whole ,  f o r  d i f f e r e n t  k i n d s  of music .  I n  t h i s  i t  s e e m s  t o  show a  s u r -  

p r i s i n g  e legance  and power - and musica l i ty .  

The composer's s p e c i f i c  pu lse  expressed i n  m i c r o s t r u c t u r e  

I n  t h e  p r e v i o u s  s e c t i o n  we have  s e e n  how t h e  a m p l i t u d e  s h a p e  o f  i n -  

d i v i d u a l  t o n e s  c a n  be d e r i v e d  f rom t h e  fo rm o f  t h e  melody. We c a n  now 

proceed and a s k  how much of the  remaining unaccounted m i c r o s t r u c t u r e  can  

be a t t r i b u t e d  t o  t h e  f u n c t i o n  of  t h e  i n n e r  p u l s e ?  I t  seems  a n  unex- 

pec ted ly  l a r g e  amount. 

The not ion  of the  inne r  pulse  has  been desc r ibed  e l sewhere  i n  d e t a i l  
e.g. C l y n e s ,  1977b. The i n n e r  p u l s e  i s  n o t  t h e  same  a s  t h e  rhythm o r  

m e t e r  of  a  p i e c e ;  i t  i s  found i n  s l o w  movements ,  i n  f a s t  movements;  i n  

duple t ime,  i n  t r i p l e  t ime,  o r  compound time. The tempo of  t h e  pu l se  has  

g e n e r a l l y  been  c o n s i d e r e d  t o  be i n  t h e  r a n g e  o f  50 - 80 p e r  minu te .  I n  

s l o w  movements one p u l s e  may c o r r e s p o n d  t o  a n  e i g h t h  n o t e ,  e v e n  a  s i x -  

t een th  i n  a  very  slow movement, i n  a  f a s t  movement a  h a l f  no te ,  and i n  a  

moderate movement a  q u a r t e r  note. 

The i n n e r  p u l s e  a s  a  s p e c i f i c  s i g n a t u r e  o f  a compose r  became e s t a b -  
l i s h e d  i n  Western music around the  middle of t h e  e i g h t e e n t h  cen tu ry  and 

c o n t i n u e d  u n t i l  t h e  a d v e n t  of  mus ic  i n  whose r h y t h m i c  m o t i o n  t h e r e  no 

longer  was i n t e r f u s e d  an  i n t i m a t e  r e v e l a t i o n  of  t h e  p e r s o n a l i t y  of t h e  

composer. I n  t he  music of Mozart, Haydn, Beethoven, Schuber t ,  Schumann, 

Chopin,  Brahms f o r  example  we f i n d  a  c l e a r  and  u n i q u e  p e r s o n a l  p u l s e  

which  t h e  composer  h a s  i m p r e g n a t e d  s u c c e s s f u l l y  i n t o  h i s  m u s i c  ( t h e  



knowledge of which we u l t i m a t e l y  acqu i r e  from t h e  score) .  We cannot d i s -  
c u s s  h e r e  how t h e  p u l s e  i s  i m p l i c i t  i n  t h e  s c o r e ,  e x c e p t  i n  a  few p a r -  

t i c u l a r s  t o  be mentioned. Indeed, because of t h e  t ime cour se  of t h e  i n n e r  

p u l s e ,  which  i g  g e n e r a l l y  be tween  0.7 and 1.2 s e c / c y c l e ,  t h e  m a t r i x  o f  

i t s  wave form i s  most prominent ly expressed i n  mic ros t ruc tu re .  

I n  c o n s i d e r i n g  t h e  n a t u r e  of  t h e  b e a t ,  and o f  t h e  i n n e r  p u l s e ,  t h e  

p r o p e r t y  o f  t h e  nervoug s y s t e m  c a l l e d  " t i m e  fo rm p r i n t i n g "  ( c l y n e s ,  

1977a, Clynes & Walker, 1982) is very relevant .  This  f u n c t i o n  enab le s  t h e  

human organism t o  decide on a  p a r t i c u l a r  form of  movement t o  be r epea t ed ,  

and t h e  r a t e ,  and t h e n  t o  r e p e a t  t h e  movement p t  t h a t  r a t e  w i t h o u t  

f u r t h e r  a t t e n t i o n  - u n t i l  a s e p a r a t e  dec i s ion  is  made t o  s t o p  o r  t o  a l t e r  

t h e  form o r  t h e  r a t e  of  t h e  movement. Once c o n c e i v e d  as a  r e p e t i t i v e  

movement and i n i t i a t e d  t h e  movement w i l l  cont inue i n  "automatic" f a s h i o n  

u n t i l  stopped. This  process  t akes  p lace  menta l ly  when t h i n k i n g  t h e  b e a t ,  

and t h e  i n n e r  pulse.  

I n  p r a c t i c e  t h i s  means t h a t  once i n i t i a t e d ,  t h e  i n n e r  pu l se  can c a r r y  

through the  musica l  p iece  without  need f o r  f u r t h e r  s p e c i f i c  i n i t i a t i o n  of  

form, al though t h e  r a t e  w i l l  be caused t o  vary t o  a  degree. Smal l  pauses 

can momentarily suspend the  pulse ,  and a c t ,  a s  i t  were,  as punc tua t ion  

i n  t h e  musical phrasing. 

I n  any  c o m p o s i t i o n  c e r t a i n  p a r t s  o f  t h e  s c o r e  embody t h e  p u l s e  more  
c l e a r l y  and obviously than  others .  However, through t i m e  form p r i n t i n g ,  

t h e  p u l s e  w i l l  t e n d  t o  c a r r y  t h r o u g h  a l l  p a r t s ,  i f  i t  h a s  been  w e l l  

i n i t i a t e d  a t  t h e  beginning of t he  piece. Sca le  passages  f o r  example can 

become c h a r a c t e r i s t i c  of the  composer through t h e  pulse :  t h e  same s c a l e  

p a s s a g e  can  be p l a y e d  w i t h  a M o z a r t i a n  p u l s e  o r  w i t h  a B e e t h o v e n i a n  

pulse ,  f o r  example, and w i l l  sound appropr i a t e  correspondingly.  Th i s  does 

i n  f a c t  happen i n  s a t i s f y i n g  pe r fo rmances .  Thus " n e u t r a l "  p a s s a g e s  

acqu i r e  from the  pulse  t he  c h a r a c t e r i s t i c  "f lavor"  of t h e  composer. Th i s  

of course i s  p r e c i s e l y  the  province of mic ros t ruc tu re ,  and we s h a l l  show 
how t h i s  occurs. 

By e x p e r i m e n t i n g  w i t h  su'ch n e u t r a l  s t r u c t u r e s ,  a n d  c o m b i n i n g  t h e  

r e s u l ' z s  w i t h  knowledge  of  t h e  i n n e r  p u l s e  f o r m s  a s  e x p r e s s e d  t h r o u g h  



touch (cf. Figs. 7, 8, and 9) we can arrive empirically at an answer to 
the question: What does the inner pulse do to the specific tones in a 

piece of music? 

Concerning the Derivation of the Values 

The following considerations have aided the derivation of these 

values. 

Characteristics of the pulse matrix may be in part connected to the 

kinesthetic "feel" of the pulse, observed in recording it sento- 
graphically. We have seen that different degrees of inertia, damping, can 

be experienced for pulse of various composers (~lynes, 1977b); and for 

some pulses different kinds of tensions occuring at specific phases. 

These show up indirectly in the recorded sentographic form; but appear 
to be significant clues to the deviations in amplitude and duration that 

constitute the matrix. Different degrees of inertia, or sluggishness, are 
brought about by different modes of tensions by agonist and antagonist 

muscle groups (as a result of which greater or lesser massiveness is 
displayed by the arm - e.g. more of the upperarm mass is involved). This 

massiveness, a mental program, translates to the degree of flexibility of 
modulation within a pulse (cf. Section II.A.~). The Beethovenian pulse 
has high inertia, the Mozart pulse low inertia, cf Fig:s 7-9. According- 
ly, we would expect to see nuch greater differences between the amplitude 

of component tones for Mozart than for Beethoven. Indeed there is a 
relative effortlessness in changing the loudness level in Mozart within a 

pulse, that is not present in Beethoven. 

The massiveness has an influence also on the duration deviations, 

since each pulse cycle contains an initiating point at a particular phase 

near the time of the upbeat (clynes & Walker, 1982). 



The d e v i a t i o n  v a l u e s  can  a l s o  be  looked  a t  i n  t h e  l i g h t  o f  r h y t h m  

s t u d i e s  t h a t  r e l a t e  t h e  energy of  a  bea t  t o  t he  d u r a t i o n  and ampl i tude  o f  

u p b e a t ,  i n  r e l a t i o n  t o  a  g i v e n  downbeat  ( c l y n e s  & W a l k e r ,  1982). H i g h  

i n e r t i a  would a c c o r d i n g l y  t e n d  t o  be  accompanied  by a l o n g e r  d u r a t i o n  

upbeat. 

To o b t a i n  t h e  f i n a l  numerical  va lues  given, t h e  va lues  were a d j u s t e d  

a u r a l l y ,  and a r e  of  c o u r s e  t o  b e  c o n s i d e r e d  a s  a  f i r s t  a p p r o x i m a t i o n  

only. 

Pulse  Matr ix of  Mozart, Beethoven and ~ c h u b e r t *  

A two-fold e f f e c t  may be observed, The i n n e r  pulse  a f f e c t s  

1 .  Re l a t ive  ampli tude s i z e s  of i t s  component tones ,  and 

2. Durat ion dev ia t ions  of i t s  component tones. 

Both 1 and 2 must occu r .  E i t h e r  a l o n e  i s  i n s u f f i c i e n t .  A c c o r d i n g l y ,  t h e  

i n f l u e n c e  o f  a  composer's p u l s e  i s  s t a t e d  f o r  a  p a r t i c u l a r  m e t e r  by  a  

mat r ix  t h a t  s p e c i f i e s  ( 1 )  ampl i tude  r a t i o  and (2) d u r a t i o n  dev ia t ions .  

The f o l l o w i n g  m a t r i c e s  s p e c i f y  t h e  i n f l u e n c e  of  t h e  i n n e r  p u l s e  f o r  

Mozart, Beethoven and Schubert r e spec t ive ly ,  f o r  t he  4/4 meter. For  each  

t o n e ,  two numbers  a r e  g iven .  One s p e c i f i e s  t h e  a m p l i t u d e  s i z e  r a t i o ,  

r e f e r r ed  t o  t he  f i r s t  tone a s  1. The o the r  g ives  the  d u r a t i o n  r e f e r r e d  t o  

a s  100 a s  a  mean d u r a t i o n  f o r  t h e  4 components.  A l l  t h e s e  v a l u e s  a r e  o f  

course sub jec t  t o  f u r t h e r  refinement.  

8 These pulse  ma t r i ce s  a r e  given he re  a s  t he  f i r s t  t o  have been s t u d i e d ,  
t h a t  o f  o t h e r  composers  a r e  i n  p r e p a r a t i o n  and w i l l  b e  g i v e n  i n  f u t u r e  
pub l i ca t ions .  



Tone number 

1 2 3 4 

Amplitude r a t i o  

D u r a t i o n  (msec) 

1 .OO 39 83 81 

O d B  - 7 . 8 d B  - 1 . 8 d B  - 2 . 0 d B  
Beethoven 

106 89 9 6  111 

Amplitude r a t i o  1 .OO .21 53 - 2 3  

O d B  -14 .4dB -6.6 dB -13.5 dB 

Mozart  

D u r a t i o n  (msec) 105 9 5 105 9  5 

Amplitude r a t i o  1 .OO -65 40  75 
O d B  -3.1 dB - 7 . 7 d B  - 1 . 9 d B  

S c h u b e r t  

D u r a t i o n  (msec) 98  115 9  9 9 1 

S a l i e n t  F e a t u r e s  o f  t h e  P u l s e  M a t r i c e s :  --- 
The Mozart P u l s e  

L a r g e  a m p l i t u d e  d i f f e r e n c e  b e t w e e n  f i r s t  t o n e  and  t h e  o t h e r s  - 
a r c h n e s s  i n  a r t i c u l a t i o n ,  s e c o n d  t o n e  v e r y  s l i g h t l y  s o f t e r  t h a n  t h e  

f o u r t h  tone ,  t h e  t h i r d  t o n e  hav ing  a s u b s i d i a r y  a c c e n t ,  s u b d i v i d i n g  t h e  

f o u r  tones .  Dura t ion  d e v i a t i o n s  a r e  r a t h e r  s y m m e t r i c a l ,  f i r s t  and t h i r d  

t o n e s  modera te ly  longer .  

The Beethoven P u l s e  

Amplitude r a t i o s  g e n e r a l l y  more even,  f o u r t h  h a r d l y  s o f t e r  t h a n  t h e  

t h i r d .  S e c o n d  c o n s i d e r a b l y  s o f t e r  t h a n  f i r s t .  D u r a t i o n s :  f i r s t  t o n e  

c o r k ~ d e r a b l y  extended,  f o u r t h  t o n e  most extended. 

The extended d u r a t i o n  of t h e  f o u r t h  t o n e  combined w i t h  i t s  r e l a t i v e l y  

h i g h  a m p l i t u d e  i s  a c a r d i n a l  f e a t u r e  o f  t h e  B e e t h o v e n  p u l s e .  The  t h i r d  

t o n e  i s  n o t  e x t e n d e d  i n  d u r a t i o n ,  a n d  i s  more  n e a r l y  e q u a l  t o  t h e  f i r s t  



t o n e  i n  a m p l i t u d e  t h a n  f o r  M o z a r t .  I n  t e r m s  o f  a m p l i t u d e  t h e  B e e t h o v e n  

p u l s e  h a s  a  m o r e  e v e n ,  l e s s  a r c h e d  a r t i c u l a t i o n  t h a n  t h e  M o z a r t  p u l s e ,  

and  h a s  a  s p e c i a l  e m p h a t i c  a s p e c t  t o  t h e  f o u r t h  t o n e .  A r e s i s t a n c e  i s  

d i s p l a y e d  a g a i n s t  "excess ive"  a m p l i t u d e  modula t ion  - e x p e r i e n c e d  o f t e n  as 

a  k i n d  o f  " e t h i c a l  r e s t r a i n t " .  F i r s t  and  s e c o n d  t o n e  t a k e n  t o g e t h e r  a r e  

c o n t r a c t e d  compared w i t h  t h e  t h i r d  and f o u r t h  t o n e  t o g e t h e r .  

The Schuber t  P u l s e  

Low a m p l i t u d e  o f  t h e  t h i r d  t o n e  - no s u b d i v i s i o n ;  h i g h e r  a m p l i t u d e  and 

s h o r t  d u r a t i o n  o f  t h e  f o u r t h  tone. No d u r a t i o n  e x t e n s i o n  o f  t h e  f i r s t  ( o r  
t h i r d )  t o n e  b u t  a  c o n s i d e r a b l y  e x t e n d e d  d u r a t i o n  o f  t h e  s e c o n d  t o n e .  -- 
' t h i r d  a n d  f o u r t h  t o n e s ,  t a k e n  t o g e t h e r ,  a r e  c o n t r a c t e d  c o m p a r e d  w i t h  

f i r s t  and second t o n e s  t o g e t h e r ,  t h e  r e v e r s e  o f  t h e  Beethoven p u l s e  case .  

The u n u s u a l l y  extended d u r a t i o n ,  w i t h o u t  a c c e n t ,  o f  t h e  second t o n e  o f  

t h e  Schuber t  p u l s e  can be l i n k e d  t o  t h e  f o l l o w i n g :  

1 .  The s p e c i a l  t e n s i o n  t h a t  o c c u r s  i n  t h e  c o r r e s p o n d i n g  p a r t  o f  t h e  

Schuber t  p u l s e ,  a  p u l l i n g  upward, u n i q u e l y  c h a r a c t e r i s t i c  o f  t h e  S c h u b e r t  

p u l s e  ( ~ l ~ n e s ,  1977). I t s  i n i t i a l  downward p h a s e  a c t s  o n  l o w  i n e r t i a .  

During t h e  c o u r s e  o f  a rebound, however, a  t e n s i o n  i s  added, i n c r e a s i n g  

t h e  r e s i s t a n c e  a n d  s l o w i n g  down w h a t  o t h e r w i s e  w o u l d  be a c a r e f r e e  

bounce  i n t o  a n  e n t i r e l y  d i f f e r e n t  c h a r a c t e r ,  a n  i m p r e s s i o n  o f  b e i n g  

p u l l e d  upwards. 

2. I t  c a n  b e  s e e n  i n  t h e  s c o r e s  o f  S c h u b e r t ' s  m u s i c  t h a t  t h e r e  i s  a 

p r e d i l e c t i o n  f o r  s p e c i a l  t r e a t m e n t  m e l o d i c a l l y ,  o r  i n  o t h e r  ways, o f  t h e  

weak tone  f o l l o w i n g  t h e  f i r s t  t o n e  of t h e  bar. 

I n  performance and i n  thought  t h e s e  d e v i a t i o n s ,  produced by t h e  p u l s e s  

of t h e  composers w i t h i n  t h e i r  own music,  a r e  n o t  e x p e r i e n c e d  a s  uneven- 

n e s s ,  b u t  a p p e a r  a s  a n  a p p r o p r i a t e  f low.  However, i n t r o d u c i n g  t h e  wrong 

composer 's  p u l s e  t o  a  melody  a s  c a n  b e  d e l i b e r a t e l y  d o n e  may s e e m  

d i s t u r b i n g  t o  t h e  f l o w  and somewhat uneven. 

Other  m e t e r s  

M a t r i c e s  f o r  o t h e r  m e t e r s  can be a p p r o p r i a t e l y  e x t r a p o l a t e d  o r  i n t r a -  

p o l a t e d  f r o m  t h a t  o f  t h e  q u a d r u p l e  m e t e r ,  as d i s c u s s e d  i n  t h e  A p p e n d i x  



where  m a t r i c e s  f o r  d u p l e ,  t r i p l e  and  compound m e t e r s  a r e  g i v e n .  The 

compound me te r  mic ros t ruc tu re  6 /8  f o r  example i s  de r ived  by combining t h e  

2 and 3 micros t ruc ture .  

Applying the  Pulse  t o  a  Melody having Various Note Values 
p--- 

When a  melody h a s  a  c o m b i n a t i o n  o f  n o t e s  o f  d i f f e r e n t  v a l u e s ,  a s  i s  

g e n e r a l l y  t h e  c a s e ,  some l a r g e r  and some s m a l l e r  t h a n  t h e  component  

va lues ,  t he  fo l lowing  appears  t o  apply: 

1. Guration d e v i a t i o n s  a r e  proport ioned according t o  t h e  component tones  

of  t h e  p u l s e ,  e.g. a  d o t t e d  q u a r t e r  h a s  t h e  d u r a t i o n  d e v i a t i o n  o f  one 

tone p lus  h a l f  t h a t  of t h e  next. 

2. The ampl i tude  i s  taken  a s  t h a t  preva len t  a t  t h e  beginning of  t he  tone 

- i.e. is  not  averaged, e.g. t h e  do t t ed  q u a r t e r  has  t h e  same ampl i tude  a s  

t h e  q u a r t e r  would have had wi thout  t h e  dot. 

Fur ther  re f inements  a r e  being s tud ied ,  i n  p a r t i c u l a r  t h e  h i e r a r c h i c a l  

c o n s i d e r a t i o n  of  p u l s e s  w i t h i n  p u l s e s ,  and w i l l  b e  d e t a i l e d  i n  f u t u r e  

publ ica t ions :  thus ,  f o r  example, t he  ques t ion  of  how t o  apply  t h e  propor- 

t i o n s  of a  two component pu lse  t o  two e igh th  n o t e s  w i t h i n  a  t r i p l e  meter  

of  3 /4 ,  w h i l e  c o n s i d e r i n g  t h e  3 / 4  a s  a  s i n g l e  p u l s e  o f  t r i p l e  m e t e r ,  o r  

how t o  propor t ion  fou r  s i x t e e n t h  no te s  w i t h i n  a q u a r t e r  of a  3/4 pulse.  

While i t  appears  t h a t  the  range of 50 - 80 pe r  minute i s  a n  approxima- 

t e l y  u s e f u l  g u i d e l i n e  i n  a p p l y i n g  t h e  p u l s e ,  some p i e c e s  may p r e s e n t  

a l t e r n a t e  p o s s i b i l i t i e s  of a  l a r g e r  o r  s m a l l e r  f rame f o r  t h e  pulse.  

I n  genera l ,  i t  should be emphasized t h a t  t h e  p u l s e  and i ts  e f f e c t s  i n  

mic ros t ruc tu re  a s  descr ibed  here i s  i n  no way t o  be cons idered  a  b inding  

Procrus tes  bed, but r a t h e r  a s  a l e v e l  from where f i n e  a r t i s t i c  r e a l i z a -  

t i o n  of t he  music can be more r e a d i l y  a t tempted ,  t a k i n g  i n t o  account  t h e  

ind iv idua l  concept of t h e  p iece ,  and p a r t i c u l a r  pe r sona l  i n t e r p r e t a t i v e  

p r e f e r e n c e .  But a  w e l l  r e a l i z e d  p u l s e  b r i n g s  w i t h  i t  i t s  own g i f t  o f  

b e a u t y  and l o v e ,  which  we r e c e i v e  anew w i t h  r e c u r r i n g  amazement  and  

wonder a s  we work wi th  it. 



Addi t iona l  Expressive Funct ions and P r o p e r t i e s  Considered 

F u r t h e r  p r o p e r t i e s  of  m e l o d i c  r e l a t i o n s h i p s  r e l e v a n t  t o  manual  a n d  

computer r e a l i z a t i o n s  a re :  

( 1  ) Micros t ruc tu ra l  

I n  work ing  w i t h  t h e  v a r i o u s  examples  manua l ly ,  we may r e a d i l y  n o t e  

t h a t :  

a )  A t o n e  of  s m a l l e r  a m p l i t u d e  f o l l o w i n g  a  l a - r g e r  a m p l i t u d e  t o n e  w i l l  

sound more l ega to  than  i n  t h e  r eve r se  o rde r ,  f o r  g iven  ampl i tude  shapes  

( p-values ) 

b) A tone w i l l  sound s o f t e r  a f t e r  a  tone of g r e a t e r  ampl i tude  than  b e f o r e  

it. This may be considered a  masking e f f e c t ,  t he  degree depending on t h e  

tempo . 
c )  Mic ropauses  o f t e n  need t o  be i n s e r t e d  be tween  p h r a s e s ,  and  l o n g e r  

"Luft"pauses between major s ec t ions .  They a r e  a p p r o p r i a t e  f o r  a l l  compo- 

s e r s .  The p l a c e m e n t  of t h e s e  i s  i m p o r t a n t ,  and n o t  a u t o m a t i c .  T h e s e  

p a u s e s  t e n d  t o  o c c u r  a t  t h e  end o f  p u l s e s ;  b e f o r e  t h e  n e x t  u p b e a t  t o n e ,  

where t h e r e  is  one. They a l s o  occur  immediately before  a  s u b i t o  piano. 

A t  t i m e s  t h e  r e q u i r e d  p a u s e s  a r e  a c t u a l l y  p r o v i d e d  f o r  by t h e  p- 

v a l u e s ,  a s  c a l c u l a t e d  by t h e  r u l e  g i v e n ,  by means o f  t h e  t a i l  o f  t h e  

ampli tude shape. This  means t h a t  i n  such a  p lace  t h e  composeres i n d i c a -  

t i o n  of  p h r a s i n g  i n d i c a t e s  t h e  a m p l i t u d e  shape  r e q u i r e d  by  t h e  mus ic .  

Also, micropauses may be appropr i a t e  between s e p a r a t e  bowing marks ( a s  

d is t inguished  from phrasing s i g n s  - an o f t e n  d i f f i c u l t  distinction) b u t  

not  always: sometimes the  computer can inc lude  more n o t e s  i n  a  "bow" t h a n  

i s  poss ib l e  f o r  a s t r i n g  p layer !  A t  o t h e r  t imes  the  e f f e c t s  of  t h e  change 

i n  bow needs  t o  be m i n i m i z e d ,  r a t h e r  t h a n  r ep roduced .  L a s t  n o t e s  o f  

phrases  a r e  entered manually. I n  t h e  examples given h e r e  t hey  a r e  gene- 

r a l l y  considerably s o f t e r  than  t h e  preceding tone. 



(2) Structural 

a) Pitch Crescendo As many musicians have noted, in particular Casals in 

his teaching, and Sundberg and Fryden (this book) there is a general 

tendency within a melody to increased loudness with pitch. This tendency 

is not found to the same degree, however, for different music and diffe- 

rent composers. For Beethoven, it is appropriate to keep the amplitudes 

similar. This insures a small degree of crescendo, since a given ampli- 

tude is perceived as louder when pitch is increased. For Mozart, how- 

ever, the crescendo tends to be greater - approximately an additional 4 
d~/octave. For Schubert it can be even more than 6 d~/octave. 

If the same melodic crescendo is applied to Beethoven the effect tends 

to sound exaggerated. There is a resistance to such crescendo in Beet- 

hoven, a restraint that also appears (like in the moderate modulation of 

tone amplitude heights by the Beethoven pulse) to translate into the 

strength of an ethical constraint. 

In the musical illustrations to follow the pitch-crescendo effect for 

Mozart, and to a higher degree for Schubert, are included. 

b) Alternation of "heavy" and "light" bars. This is a general structural -- 
property, not expiicit in the score, whi -h can be produced on the com- 
puter by scailng the amplitude down In the "light" bars. For Mozart, a 
amplitude suitable proportion may be G. ' ;7 ,  3 x 3  bars often, though not 

always, alternate as heavy-light, h<?avy-light. This adds considersbly to 

the sense of muslcal balance snd logic. where dpproprlate; lt presents 

larger units to the mind, sllowlng a greeter dvervlew. 

In Beethoven other patterns tend to domli:ate, as commented on pre- 

viously in Ex. ILL B:4,  Fig. 15, and ofterz spec~al dramatlc cievices, such 
as crescendo and subito piano - as iliustrated in Ex. 111 E: l  l (op. 31, 
NO.?). 

Crescendi and diminuendi specially- n o t e d  by the composer in the score 
have of course to be included in the computer realizations. 



c )  C r e s c e n d o  f r o m  P u l s e  t o  P u l s e  o r  W i t h i n  e a c h  P u l s e ?  We c a n  now a s k  

w h e t h e r  a c r e s c e n d o  o r  d i m i n u e n d o  s h o u l d  a p p l y  f r o m  p u l s e  t o  p u l s e ,  o r  

a l s o  w i t h i n  a p u l s e .  I t  i s  e a s y  t o  make b o t h  k i n d s  o f  c r e s c e n d o  o n  t h e  

computer and d i f f e r e n t  r e s u l t s  o f  t h e  two methods may b e  compared. It i s  

l i k e l y  t h a t  e a c h  t y p e  o f  c r e s c e n d o  o r  d i m i n u e n d o  i s  a p p r o p r i a t e  f o r  

d i f f e r e n t  m u s i c a l  r equ i rements .  

I11 E. Mus ica l  I l l u s t r a t i o n s  

I n c o r p o r a t i n g  P u l s e  and Amplitude Shapes  

According t o  t h e  Mathemat ica l  F u n c t i o n s  g i v e n  i n  S e c t i o n s  I11 D and I11 C 

The f o l l o w i n g  examples were c a l c u l a t e d  by t h e  computer  u s i n g  t h e  i n n e r  

p u l s e  modula t ion  v a l u e s  g i v e n  i n  S e c t i o n  I11 D ,  a s  w e l l  as t h e  p r e d i c t i o n  

o f  p-values  from t h e  melodic  p i t c h - t i m e  c o n t o u r  as i n  S e c t i o n  I11 C. 

Only a f e w  e x a m p l e s  f o r  e a c h  c o m p o s e r  c a n  b e  g i v e n  h e r e .  They  a r e  

s e l e c t e d  f o r  t h e  p a r t i c u l a r  f e a t u r e s  t h e y  i l l u s t r a t e .  But t h e  method c a n  

be a p p l i e d  t o  any themes. 

F i g .  20,  Example  I11 E: l ,  L. v a n  B e e t h o v e n ,  P i a n o  C o n c e r t o  No. 1,  Op. 1 5 ,  
f i r s t  movement. The p u l s e  p a t t e r n  may be c l e a r l y  s e e n  i n  F ig : s  20 - 23. 
I n  g e n e r a l ,  however,  w i t h  v a r i e d  n o t e  v a l u e s  t h e  p a t t e r n  w i l l  n o t  b e  s e e n  

t o  h a v e  a  v i s u a l  r e g u l a r i t y  and  w i l l  a p p e a r  m o r e  l i k e  t h o s e  i n  e a r l i e r  
s e c t i o n s .  See Table  12, f o r  e x p l a n a t i o n s ,  s e e  legend o f  Fig.  12. 



Ex. I11 E:l, Beethoven Piano Concerto No 1, 1st Movement, 2nd Subjec t ,  

c f .  Fig.  20, T a b l e  12,  and Sound Example I I I : 1 ,  i s  chosen  f o r  two 

s p e c i a l  f e a t u r e s :  

1 .  I t  i n c o r p o r a t e s  a  s c a l e  p a s s a g e  which  d , i . sp lays  t h e  Bee thoven  p u l s e  

c l ea r ly .  The D i n  t h e  descending sca re ,  t h e  f o u r t h  t o n e  of t h e  pu l se ,  i s  

made j u s t  s u f f i c i e n t l y  p r o l o n g e d  and e m p h a t i c  by  t h e  p u l s e ,  f o r  t h e  

a p p r o p r i a t e  Beethovenian sense of grouping of t h e  -tones. This  of course  

o c c u r s  q u i t e  u n n o t i c e a b l y ,  i n  t h e  c :onvent iona l  s e n s e  o f  "evenness" .  I t  

can be d i s t i n c t l y  noted, however, i f  s p e c i a l  a t t e n t i o n  i s  focused on it. 

2. I t  inc ludes  a  c h a r a c t e r i s t i c  p a t t e r n  of two r e p e a t e d  s ta .cca to  tones* 

which i s  u s e f u l  f o r  comparing micros t ruc tures .  The second of t h e  two CS,  
e a c h  o c c u p y i n g  h a l f  a  p u l s e ,  h a s  a  somewhat  g r e a t e r  d u r a t i o n  t h a n  t h e  

f i r s t  - is  thus  l e s s  s t a c c a t o ,  and only s l i g h t l y  s o f t e r  than  t h e  f i r s t  (- 
2dB). Such B e e t h o v e n i a n  a r t i c u l a t i o n  r e q u i r e s  cons ide rab le  s u b t l e t y  and 

i n s i g h t  on t h e  p a r t  of t he  performer - here  i t  i s  produced a p p r o p r i a t e l y ,  

an  encouraging r e s u l t .  

A Mozart pu lse  i n  t h i s  i n s t ance ,  f o r  example, would cause t h e  second 

t o n e  t o  be  c o n s i d e r a b l y  s o f t e r  t h a n  t h e  f i r s t  (-6.6 dB), and  t h e  d u r a -  
t i o n s  would be even. 

Even though t h i s  i s  e r ~ l g  Uee tho~en ,  z.113 peyhaps p r t i c u l a r l y  so, t h e  

Beethoven pulse  a l r eady  a~plles. Note t aa i  no o t h e r  n o d l f i c a t i o n  of t h e  

tones i s  made; no esseni._ 2 f ' ~ r 2  i s  entered.  l i ' h~  two f u n c t i o n s  he]-e supply  

t h e  e n t i r e  r n i c r o s t r ~ l ~ l ~ i e ,  e x c e p t  f 3 r  s r n l c r o p a u s e  a f t e r  t h e  s c a l e  

passage. 

Ex. I11 E : 2 ,  Bee t r l o ~ r e n  Op 77 P i a n c  C o n c e r t o  No 3 ,  1 s t  IVIovemevlt, 2nd 

S u b j e c t ,  c f .  F1:. 21,  T a b l e  1 3 ,  and Sou rd Example  i i I : L ,  1 s  somewhat  

* 
Repea ted  s t a c c a t o  n o t e s  a r e  e n t e r e i t  wit:? e v e n  d u r a t i o n s  i n  a l l  s u c h  

examples before  t he  pulse  e f f e c t s  3re  i n i  :atvi,ced -- t h e  pu l se  t hen  pro- 
v ides  t he  app ropr i a t e  m i c r o s t r u c t u r a l  pr'. i,(~"t!. ons. 



Fig. 21, Zxample I11 E:2, L. van Beethoven, i iano Concerto No. 3, Op. 37, 
first movement. For explanations, see legend of Fig. 12. 

Pig. 22, Example I11 E:3,  L. van Beethoven, Symphony No. 9, Op. 125, 
Scherzo. For explanations, see legend of Fig. 12. 



l i k e  t h e  p r e v i o u s  example  b u t  h a s  f o u r  d e t a c h e d  t o n e s  whose r e l a t i v e  

weight is  determined by t h e  pulse. 

The n o b l e  and pu re  q u a l i t y  o f  t h e  f i r s t  p h r a s e  ( w h i c h  one  p e r h a p s  

could l i k e n  t o  t he  c h a r a c t e r  of ~ ~ r n o n t )  i s  g iven  much of i t s  due merely 

through t h e  two funct ions:  pu l se  and ampl i tude  shapes  accord ing  t o  t h e  

r e l a t i o n s  g iven .  No f u r t h e r  e x p r e s s i v e  means a r e  added ,  n o r  p r o b a b l y  

requi red ,  a t  l e a s t  a s  a  f i r s t  approximation. 

This  i s  a l s o  an  example i n  which a n  added melodic p i t c h  r e l a t e d  c re-  
s c e n d o  d iminuendo  can  r u i n  t h e  e x p r e s s i o n ,  c a u s i n g  i t  t o  l o s e  i t s  

s t r e n g t h .  

Ex. 111 E:?, Bee thoven  9 t h  $ymphony, S c h e r z o ,  c f ,  P ig .  2 2 ,  T a b l e  14,  
and Sound Example iII:3 i s  an  8 b a r  fragment ,  which i l l u s t r a t e s  how t h e  

energy of t h i s  theme r e l a t e s  t o  t h e  Beethoven pulse.  The a c c e n t u a t i o n  of 

t h e  f i r s t  tone  i s  s t r o n g  o r  l e s s  so ,  deperlcllng on fror: where w i t h i n  t h e  

movement we cons ider  t he  excerp t  t e  be taken. A f t e r  the  t h r e e  A s ,  t h e r e  

i s  a mic ropause .  I t  seems t h a t  ~ h c r e - \ ~ n - c  a n  upward  aic;.p o c c u r s  f r o m  a  

s t a c c a t o  o r  detached tone t o  t he  f l r ~ ,  ' : I I ~  ~f a  ba r ,  . ~ i  c i c ropause  may be 

i n d i c a t e d  ( see  a l s o  example f:dm Mo2,lrt's J d p ~ t e r  Sym?kcny, ~ i n u e t ) .  

I n  Ex. I11 E:4, Mozarz i-laffcer lj im.yhcny, 2 r ~ d  M o v e a e n t ,  c f .  F i g . 2 3 ,  

T a b l e  1 5 ,  and Sound Example 111:4, we can  s ec  t h e  e f t ' e c t s  o f  t h e  M o z a r t  

pu lse  c l e a r l y ,  with notes  o f  even vrlue. As t k e  m e l o d ~ ~  r i s e s ,  t h e  p i t c h  - 
crescendo e f f e c t  i s  e s s e n t i a l .  The heavy-- l ight  a l t e r n a t i o n  or? l i k e  repe- 

t i t i o n s  of t he  phrase i s  a l s o  appr9priair.e ( r a t i o  0.72:'  superimposed on 

t h e  p i t c h  - c r e s c e n d o  e f f e c t ) .  The Mozar t ean  charm 2.28 p o i s e  o f  t h i s  

music would be im2oss ib le  wi thout  r e a l i z a t i o n ,  of t h e  pu l sa .  

I f  t h i s  m u s i c a l  i l l u s t r a t i o n  i:; p l a y e d  i ~ i  a S ~ O W I ? L .  t empo,  one  c a n  

d i s t i n c t l y  c l e a r l y  h e a r  t h e  n i c r o s t r ~ c t u r s  o f  t h e  ;;,ilse - t h e  l a r g e  

d i f f e r e n c e s  i n  t he  loudness of component t o c e s  a s  w e l l  as d u r a t i o n  devia-  

t ions .  When played a t  t he  proper  tempo, t he  l a r g e  d i f f e r e n c e s  i n  ampl i -  

t u d e  o f  t h e  component t o n e s  and d u r a t i o n  d e v i a t i o n s  become i n t e g r a t e d  

i n t o  a n  o v e r a l l  percept ion  of shape. The pulse  becomes an  e n t i t y .  



Fig. 23, Example I11 E:4, W. A. Mozart, "Haffner" Symphony, K385, second 
movement. For explana t ions ,  s e e  legend of Fig. 12. 

F ig .  2 4 ,  Example I11 E : 5 ,  W.  A .  Mozar t ,  " J u p i t e r "  Symphony, K551, t h i r d  
movement. For explana t ions ,  s e e  legend of Fig. 12. 



Ex. I11 E : 5 ,  Moza r t  J u p i t e r  Symphony, T h i r d  Movement,  c f .  F ig .  24,  

T a b l e  16, and  Sound Example %II:5 i l l u s t r a t e s  a M o z a r t  p u l s e  i n  t r i p l e  
t i m e .  Note t h e  i m p l e m e n t a t i o n  o f  t h e  m i c r o p a u s e  w i t h  t h e  a p p r o p r i a t e  
c h o i c e  o f  t h e  p ' ,  p* base v a l u e s .  A g r e a t  d e a l  o f  t h e  l o v e l i n e s s  and 
charm of  t h i s  theme is r e a l i s e d .  A s u b t l y  d i f f e r e n t  p u l s e  form would make 
t h i s  e x a m p l e  sound l i k e  Haydn. One c a n  a l m o s t  see a M o z a r t e a n  smi le  i n  
t h e  p e r f o r m a n c e .  A s p e c i a l  a c c e n t  i s  added  on  t h e  f i r s t  F s h a r p  f o r  
h a r m o n i c  r e a s o n s  - F s h a r p  i s  a  c h r o m a t i c  t o n e  a n d  t h u s  d e s e r v e s  a  
s p e c i a l  a c c e n t .  T h a t  c o n s t i t u t e s  t h e  o n l y  m o d i f i c a t i o n  r equ i r ed  by t h e  

theme i n  a d d i t i o n  t o  t h e  f u n c t i o n s  o f  I11 C and  I11 D and  t h e  p i t c h  - 
c re scendo  func t ion .  

Ex. I11 E:6, Mozar t  Q u i n t e t  i n  G minor  K51 G ,  I s t  Movement,  c f .  T a b l e  

17 ,  and Sound Example I I 1 : 6  i l l u s t r a t e s  t h e  p e r f o r m a n c e  o f  t h e  same 

e x c e r p t  a s  Ex. I11 B:l,  b u t  t h i s  t i m e  as c a l c u l a t e d  by t h e  f u n c t i o n s  

given i n  S e c t i o n s  I11 C and I11 D,  and the  p i t c h  - crescendo func t ion .  A s  

f o r  many themes we need t o  lengthen  t h e  f i r s t  tone  s l i g h t l y ,  and he re  we 

a l s o  need  t o  l e n g t h e n  t h e  h i g h  p o i n t  o f  t h e  p h r a s e ,  t h e  f i r s t  E  f l a t  o f  

ba r  3. This  v e r s i o n  does not  souc l  s u f f i c i e n t l y  sad ,  however, a l though i t  
has a  Mozartean charac te r .  To achieve a g r e a t e r  e x p r e s s i o n  of sadness  t h e  

a m p l i t u d e  p e a k s  i n  b a r s  3 and 4 a r e  a d j u s t e d  i n  a c c o r d a n c e  w i t h  t h e  

e s s e n t i c  form of g r i e f .  

I n  Ex. I11 E:'7, Schuber . i ; ,  Yong F r u h i i n g s g l a u b e ,  ci". T a b l e  13, and 

Sound Example I l i . :7 ,  t he  wards of t he  song te!id t o  s t r o n g l y  i n f l u e n c e  t h e  

form of ampl i tude  shapes - being s y l l a b l e s ,  w i t h  consonants  and vowels. 

Small  (upward only)  portamentc s l i d e s  t o  E f l a t  i n  b a r  1 ,  i n  b a r  7 and t o  

t h e  E f l a t  i n  t h e  l a s t  b a r  are a l s o  a p p r o p - i a t e  - b u t  t h e y  neeci t o  be  

a l m o s t  unno t i c e a i i l e .  Ciur s i n g i n g  r::inuso?,ti ;.S s e v e r e l y  handicapped com- 

p a r e d  w i t h  t h e  r i c h e s t  o f  ai.1 i c s t r u m e n ' i s  - t h e  human v o i c e  - b u t  t h e  

Schuber t ian  character .  i s  c l e a r  neve r the l e s s ,  as w e l l  as t h e  mood. 

Having a p p l i e d  t h e  Scl ; : lber t  p u l s e ,  a m p l i t u d e  s h a p e  p r e d i c t i o n  and  

s t r o n g  p i t c h - c r e s c e n d o - d l m i n i : e n d c  f u n z t i o n ,  t h e  po r t amen t i  and micro- 

p a u s e s  a r e  added ,  a s  w e l l  a s  t h e  d i n i n u e n d o  i n  t h e  l a s t  b a r .  The a m p l i -  

t u d e  s h a p e s  o f  t h e  d o t t e d  t o n e s  i n  b a r  2 and  3 a r e  s i l b t l y  a d j u s t e d  t o  

r e f l e c t  t h e  e s s e n t i c  form o f  hc-pe. Sound example III:I I a l s o  i l l u s t r a t e s  





how t h e  express ion  of t he  theme evolves w i th  t h e s e  s t a g e s ,  and a l s o  how 

i t  would sound w i t h  a  Beethoven pu l se  and w i t h  a  Mozart pulse. 

Ex. I11 E:8, Schubert Tr io  i n  B F l a t ,  1st Movement, Second S u b j e c t ,  cf 
T a b l e  1 9  and  Sound Example III:8, i s  f i r s t  * h e a r d  as c a l c u l a t e d  by ap-  

p ly ing  t h e  r e l a t i o n s h i p s  f o r  d i s t i n c t  ampl i tude  shapes and f o r  t h e  Schu- 

b e r t  p u l s e ,  and i n c l u d i n g  t h e  p i t c h  - c r e s c e n d o  f u n c t i o n .  The r e s u l t ,  

w h i l e  p e r h a p s  a d e q u a t e ,  c a n n o t  b e  c a l l e d  i n s p i r e d .  I t  d o e s  p r o d u c e  t h e  

repeated no te s  w e l l  i n  a  Schuber t ian  way. We may compare t h i s  r e a l i s a t i o n  

w i t h  an  a c t u a l  performance by Pablo Casals  taken from h i s  record ing  w i t h  

Schneider  and I s tomin  ( f i r s t  en t rance  of t h e  theme). We no te  t h a t  Casa l s  

makes a  unique and s imple  c o n t r i b u t i o l  t o  t h e  phras ing  h e r e  of a  suddenly 

r educed  a m p l i t u d e  (o f  b r e a t h i n g  i n )  on t h e  f i r s t  e i g h t h  n o t e .  T h i s  p ro -  

duces a n  immediate ges tu re  of inwardness  a t  t h a t  moment adding immeasura- 

b ly  t o  t h e  power of t he  music. By th2.s s imple  device  t h e  e n t i r e  perspec- 

t i v e  o f  t h e  p h r a s e  of  w e i g h t h  n o t e s  i s  changed f r o m  a n  o u t w a r d  t o  a n  

inward one. The theme thus  achieves  balance between a n  outward f low a t  

t h e  beginning and inward flow towards t h e  c lose .  Th i s  s imp le  dev ice  of 

c h a n g i n g  t h e  l o u d n e s s  of  t h a t  c r u c i a l  t o n e  h e l p s  C a s a l s  t o  p r o d u c e  a n  

i n e f f a b l e  q u a l i t y  t o  t h e  p h r a s i n g  t h a t  none o f  t h e  o t h e r  p e r f o r m e r s  i n  

t h i s ,  o r  o t h e r  r e c o r d i n g s  known t o  t h e  a u t h o r  a p p e a r  t o  a c h i e v e .  By 

i m i t a t i n g  t h i s  process  on the  computer ( reducing t h e  loudness  of on ly  one 

note ,  t h e  f i r s t  e igh th  note  A )  we can impar t  a t  l e a s t  some of t h e  q u a l i t y  

t h i s  produces t o  t h e  computer perforn.ance. 

This  process  a l s o  exemplifies t h a t  s t a r t i n g  from a  realization based 

on t h e  f u n c t i o n s  of I I T  k and 171 B ,  o n l y  srr ,a l l  f u r t h e r  c h a n g e s  may be 

c a l l e d  f o r  t o  b r i n g  t h e  e x p r e s s i o L 1  t o  h i g h e r  l e v e l s ,  and t h a t  s u c h  

changes can be shown t o  have c l e a r  func t ians .  

Ex. I11 E : 1 0 ,  S c h u b e r t  S o n a t a  i n  A Major .  4 t h  Movement,  c f .  F l g .  2 5 ,  
T a b l e  2 0 ,  and Sound Zxa np le  1 I I : g  c o n s i s t s  or" a n  e i g h t  b a r  theme.  I t  i s  

i l l u s t r a t e d  i n  a  vers lon  wi th  two pu l se s  per  bar ,  and a l s o  w l t h  one pu l se  

p e r  ba r .  The l a t t e r  v e r s l o n  h a s  a  " longer .  Zllne", b u t  t h e  f o r m e r  a p p e a r s  

t o  be  more l i v e l y  and S c h u o e r t i a n .  Thus, depending on how w e  t h l n k  t h e  

pulse ,  t h e  same p lece  a t  the  same tempo w i l l  sodnd a r c h i t e c t u r a l l y  d i f f e -  

r e n t l y .  



F i g .  25 ,  Example  I11 E:9, F. S c h u b e r t ,  S o n a t a  i n  A m a j o r ,  Op. P o s t h ,  
D959, f o u r t h  movement. For  e x p l a n a t i o n s ,  s e e  legend o f  Fig. 12. 

A m i c r o p a u s e  i s  r e q u i r e d  a t  t h e  end  o f  b a r  6 ,  b u t  n o t  a t  t h e  e n d  o f  

b a r  2 where t h e  theme needs t o  go forward.  

A modest crescendo and diminuendo n o t  marked i n  t h e  s c o r e  i s  a p p r o p -  

r i a t e ,  s o  t h a t  b a r s  1 ,  2 h a v e  c r e s c . ,  3, 4 dim.,  5 ,  6 c r e s c ,  a n d  7 ,  8 



dim. t o  g i v e  a s o n g l i k e  c h a r a c t e r  t o  t h e  theme. Mote t h a t  t h e  f o u r  

descending e i g h t h s  notes  i n  ba r  f o u r  i l l u s t r a t e  t h e  f o u r  components of 

t h e  Schubert pu l se ,  i n  vers ion  1. We can a l s o  note  t h e  syncopat ion  e f f e c t  

of t h e  second tone  of t h e  theme. This  i s  t r e a t e d  g i v i n g  i t  t h e  ampl i tude  

s i z e  i t  would have  had ,  had i t  been  on t h e  f i r s t  b e a t  (a  p h a s e  s h i f t  

e f f e c t ,  e s s e n t i a l l y ) .  

Inf luence  of  t h e  Inne r  Pulse  on t h e  Composition of  a Melodic Line 
----P- -- 

Ex. I11 E: 10, Beethoven  Op 31, No. 3 ,  Minue t ,  c f .  T a b l e  22  a n d  Sound 

Example I I I : I O ,  u s ing  ca l cu la t ed  ampli tude shapes and t h e  Beethoven pu l se  

and appropr i a t e  mic~opauses ,  seems t o  r equ i r e  l i t t l e  e l s e  t o  be appro- 

p r i a t e l y  e x p r e s s i v e .  The f i r s t  t o n e ,  a s  i n  many t h e m e s ,  i s  s l i g h t l y  

lengthened. The crescendo and s u b i t o  piano wi th  i ts  micropause makes t h e  

fo l lowing  B f l a t  e igh th  note  l o s e  the  i n a p p r o p r i a t e  c h a r a c t e r  i t s  dura- 

t i o n  c l e a r l y  would have  w i t h o u t  t h e  c r e s c e n d o  s u b i t o  p iano .  Note  e s p e -  

c i a l l y  t he  placement and du ra t ion  of t he  micropauses. 

t , 

T h i s  example  c a n  s e r v e  a s  a n  i l l u s t r a t i o n  o f  how t h e  p u l s e  may con- 

s t r a i n  t h e  composer  t o  t h i n k  a l o n g  c e r t a i n  m e l o d i c  ways. I t  we r e p l a c e  

t h e  Beethoven pulse  by a  lviozart pu lse  i n  t h i s  example, we f i n d  a  consi-  

derable  c l a s h  i n  t h e  second p a r t  of t he  theme. The Mozart pu l se  r e q u i r e s  

a  d i f f e r e n t  r e a l i z a t i o n  of  t h e  m e l o d i c  l i n e  ( s i n c e  i t  h a s  a  l e s s  p r o -  

minent t h i r d  component and t h e  d i f f e r e n c e  i n  ampl i tude  between t h e  f irst  
component and the  o t h e r s  i s  much g r e a t e r  than  f o r  t h e  Beethoven pulse) .  

I n  p r o v i d i n g  a c c e n t e d  p a s s i n g  t o n e s  i n  t h e  m e l o d i c  l i n e  we a v o i d  t h e  

awkwardness t h a t  t he  Mozartean mic ros t ruc tu re  w i t h  i t s  l a r g e  d i f f e r e n c e s  

i n  component ampl i tudes  c r e a t e s  i n  t he  Beethoven melodic l i n e ,  and pra- 

v ide  a  way f o r  these  d i f f e r e n c e s  t o  sound na tura l .  Thus a  p o s s i b l e  more 

Moza r t ean  r e a l i z a t i o n  o f  t h e  m e l o d i c  l i n e  wh ich  would  n o t  do a s  much 

v io lence  t o  t he  Mozart pu lse  i s  given i n  t he  f o l l o w i n g  example. Of course  

i t  i s  dangerous and over ly  da r ing  t o  t r y  t o  guess  how Mozart might have 

w r i t t e n  anything,  and we o f f e r  t h i s  ~ l l u s t r a t i o n  mere ly  a s  a n  i n d i c a t i o n  

of  t h e  d i r e c t i o n  i~ which  t h e  theme c o u l d  be s h a p e d  f o l l o w i n g  t h e  d i c -  

t a t e s  of t h i s  pu lse ,  a s  i t  i s  represented  here.  



MENUETTO. 

Melodic modification of last two bars 
more consonant with Mozart pulse 



Thi s  p roces s  i l l u s t r a t e s  t h a t  t h e  i n n e r  pu l se  of  a composer would tend 
t o  i n f l u e n c e  h is  choice i n  shaping  a  melody, and t h a t  c e r t a i n  cho ices  can 
i n  f a c t  c l a s h  w i t h  t h e  composer's i n n e r  p u l s e .  Knowing m o r e  a b o u t  t h i s  
p r o c e s s  c o u l d  be  o f  he&p  t o  compose r  t o  c u l t i v a t e  a  f l o w  o f  m e l o d i c  
i nven t ion  t h a t  r e f l e c t s  h i s  i n t e g r i t y .  

I V  SUMMING UP AND CONCLUSION -- 

I V  A. Overa l l  Procedure f o r  Shaoinn a  Melody 

We may conc i se ly  summarize t h e  s t e p s  involved i n  u s i n g  t h e  f u n c t i o n s  
of I11 C and I11 D f o r  t h e  a r t i s t i c  shaping o f  a  melody. S t eps  7 t o  9 q r e  
no t  a lways  required.  

1. Enter  t ones  and nominal d u r a t i o n s  accord ing  t o  t h e  score.  
2. Choose tempo. 
3. Apply pu l se  ma t r ix  f o r  t h e  p a r t i c u l a r  composer, and p a r t i c u l a r  meter ,  

B,  M ,  o r  S  f o r  Bee thoven ,  Wozart  and S c h u b e r t  r e s p e c t i v e l y ,  c h o o s e  
l e n g t h  o f  pu lse .  

4. I n s e r t  micropauses of  a p p r o p r i a t e  d u r a t i o n  a t  a p p r o p r i a t e  p l a c e s ,  e. 
g. end of  phrases  and o t h e r  s p e c i a l  po in ts .  

2 5. Choose b a s e  p'- and p  - v a l u e s  and c a l c u l a t e  p - v a l u e s  a c c o r d i n g  t o  
Sec t ion  I11 C f o r  ampl i tude  shapes of  i n d i v i d u a l  tones .  

6. Ad j u s t  l a s t  tones  of  phrases  by "earn, both ampl i t ude  and p-values. 
7. E n t e r  p i t c h  c r e scendo-d iminuendo  f u n c t i o n  as  a p p r o p r i a t e ,  and  any  

c r e scend i  o r  diminuendi o r  s p e c i a l  a ccen t s  d i r e c t e d  by t h e  s co re .  
8. A s  r equ i r ed ,  modify ampl i tude  and/or  d u r a t i o n  o f  one o r  s e v e r a l  key 

tones  t o  shape a  p a r t i c u l a r  e s s e n t i c  form. 
9. I f  phrases  r epea t ,  s u b t l y  change t h e  r e p e t i t i o n  as des i r ed .  

The f i r s t  t o n e  o n l y  o f  t h e  t heme  i s  g e n e r a l l y  t o  be  lengt -hened  i n  
d u r a t i o n  by about 5 %, a t  t h e  beginning o f  a p i ece ,  b u t  no t  on subsequent  
r e i n t r o d u c t i o n s  o f  t h e  theme. 

A few minutes  a r e  g e n e r a l l y  s u f f i c i e n t  t o  c a r r y  o u t  t h e s e  s t e p s .  It is  
o f  c o u r s e  u s e f u l  t o  l i s t e n  t o  t h e  r e s u l t  a f t e r  e a c h  s t e p  i s  t a k e n .  



1 2 Micropauses, p -, p -base va lues  o r  o t h e r  parameters  can  be a d j u s t e d  a t  
any time to improve t h e  r e s u l t ,  as des i r ed .  

I V  B. S t a b i l i t y  of  t h e  Pulse  Matr ices  

Some words of cau t ion  a r e  i n  order. A s  has  been s a i d ,  t h e  pulse  m a t r i x  
s a l u e s  g i v e n  h e r e  a r e  s u b j e c t  t o  f u r t h e r  r e f i n e m e n t .  Whi l e  t h e  s a l i e n t  

f e a t u r e s  o f  t h e  s p e c i f i c  p u l s e  m a t r i c e s  h o l d  o v e r  a  w i d e  rqnge ;  t h e i r  

degree of prominence however i s  l i k e l y  t o  be inf luenced  t 0  an e x t e n t  by 

1 )  tempo ( w i t h i n  t h e  range given, 50 - 80 per  minute) 

2 )  p i t c h  he igh t  of t he  e n t i r e  theme, i.e. t r a n s p o s i t i o n  

Thus, how these  f a c t o r s  may modify t h e  va lues  of t h e  e l emen t s  w i t h i n  t h e  

p u l s e  m a t r i c e s  n e e d s  t o  be s t u d i e d  f u r t h e r ,  a s  a  s e c o n d  o r d e r  e f f e c t .  

Fur ther ,  t o  what ex t en t  o the r  second o rde r  changes i n  t h e  pu l se  forms may 

o c c u r  w i t h  v a r i a b l e s  s u c h  a s  t h e  composer's a g e ,  and  o t h e r  v a r i a b l e s  

r e l a t e d  t o  s p e c i f i c  p ieces ,  remain t o  be s y s t e m a t i c a l l y  i nves t iga t ed .  

I V  C .  Re l a t ion  of Timbre t o  Mic ros t ruc tu re  

Having temporar i ly  banished timbre*, we s h a l l  need t o  redeem o u r  s i n  
concerning i t s  importance i n  music! F i r s t  of a l l ,  t imbre  i s  e s g e n t i a l  f o r  

melodic expressiveness  when t h e r e  i s  more than one melodic l i n e .  S e v e r a l  

s inuso ids  tend t o  coa lesce  and f u s e  - f o r  d i s t i n c t n e s s  of vo ice  l e a d i n g  

and c o n t r a s t  sounds wi th  d i f f e r e n t  dynamic propor t ions  of harmonics a r e  

required.  Secondly, we can now, i n  t h e  l i g h t  of t h e  p re sen t  s t u d i e s  w i t h  

s i n u s o i d s ,  i n v e s t i g a t e  how t i m b r e  v a r i a t i o n s  a r e  of h e l p  i n  i m p r o v i n g  

express iveness  of a  s i n g l e  melodic l i n e .  Within each tone  i t  i s  p o s s i b l e  

* 
S m a l l  changes  i n  t i m b r e  do o c c u r  even  i n  o u r  method,  s i n c e  a m p l i t u d e  

shaping produces s i d e  bands; s i n c e  t h e  ampli tude modulating f r e q u e n c i e s  
a r e  mainly 0.5 - 5 Hz, i. e. i n  t he  subaudio range, however, t h e  s ideband  
e f f e c t s  a r e  r e l a t i v e l y  s l i g h t .  



to add timbre, and also vibrato, in various dynamic ways to the expres- 

sive forms already determined, and to see how such individually shaped 

time varying functions of timbre for each tone (time-shaped harmonic 

content - not only in relation to the attack) may augment or interfere 
with expressiveness. Such a study will have to take into account the 

complication that adding timbre and/or vibrato can modify the perception 

of amplitude shapes, in part because the overtones require their own 

amplitude shaping (not according to the aamplitude shapes of the fun- 

damental), as well as for psychophysiologic reasons related to per- 

sistence of hearing, and dynamic masking ( ~ r e y  1977, Risset & Wessel 

1982). 

Of course, timbre has a strong attraction of its own: the sheer love- 

liness of a sound, its arresting, fascinating, or unique character. The 

difficulty of the timbre problem lies in reconciling these qualities sui 

generis with the qualities of expression studied in this paper, especial- 

ly since the former are also mainly dynamic entities rather than steady 

state ones, Modern electronic music often favours timbre over pulse and 

microstructure, impresgionism over expressionism, the ego-less over the 

intimately personal*- A creative balance between the two, as a long term 
attribute of the art of music, will need understanding of both their 

detailed dynamic aspects - a worthy if distant goal! 

IV D.Comments on the Significance of the Findings 

We have found that: 

1. Expressiveness and microstructure can be fruitfully studied with 

amplitude modulated sinusoidal sgunds. Musical meaning in its subtlety 
can be largely expressed by this means for single melodic lines. 

2. A systematic relation appears to exist between individual amplitude 
shapes of tones of a melody and its course, so that the shape can be 

+ ignoring that that the most intimate is also the most universal 



predic ted  from t h e  s lope ;  and thus  i s  heard t o  presage t h e  next  tone  of  a  

melody - fo rg ing  a n  organic  l i n k ,  and making i t  p o s s i b l e  f o r  t he  l i v i n g  

q u a l i t i e s  i n h e r e n t  i n  t h e  m e l o d i c  s h a p e  t o  c a s t  a  p r e s e n c e  w i t h i n  e a c h  

tone. 

3. I n  music which inco rpora t e s  a  personal  pulse,  t h i s  i s  shown t o  s y s t e -  

m a t i c a l l y  a f f e c t  both ampli tude and du ra t ions  of component tones  i n  a way 
c h a r a c t e r i s t i c  t o  t h a t  personal  pu lse ,  a s  a l s o  an ind iv idua l -S  s i g n a t u r e  

b e a r s  t h e  c o n t i n u i n g  s t a m p  o f  h i s  person .  The r e a l i z a t i o n  o f  t h e  p u l s e  

and i t s  e f f e c t s  i s  seen  t o  be necessary f o r  t he  l i f e ,  power and beau ty  of 

such music. 

The t h i r d  a s p e c t  h a s  been  i l l u s t r a t e d  o n l y  w i t h  m u s i c  o f  M o z a r t ,  

Bee thoven  and ~ c h u b e r t . "  F o r  e t h n i c  mus ic  i n  wh ich  t h e  p u l s e  i s  n o t  a n  

ind iv idua l  personal  s i g n a t u r e  of t h e  composer, i t  should be p o s s i b l e  t o  ** 
apply t h e  method i f  pu lse  ma t r i ce s  could be i d e n t i f i e d .  

A s p e c t s  of  t h e  f i n d i n g s  may a l s o  s h a r e  a  common g round  i n  p a r t  w i t h  

some of t he  mic ros t ruc tu re  r u l e s  proposed by Sundberg & a 1  ( t h i s  volume), 

and wi th  c h a r a c t e r i s t i c s  of mic ros t ruc tu re  der ived  from c o n s i d e r a t i o n  of 

musical syntax by Longuet-Higgins ( t h i s  volume). We cannot  i n  t h e  space  

a v a i l a b l e  d i s c u s s  a d e q u a t e l y  t h e  e x t e n s i v e  i m p l i c a t i o n s  of t h e  r e s u l t s  

reported here. We may say i n  b r i e f  t h a t  t he  methods and r e s u l t s  ob ta ined:  

( 1 ) can improve one's a r t i s t i c  understanding and o u t p u t ,  

* 
Pulse ma t r i ce s  f o r  Brahms, Chopin a s  we l l  a s  computer r e a l i z a t i o n s  of  

themes from the  32 Beethoven piano Sonatas  a r e  i n  p repa ra t ion .  

** 
F o r  o t h e r  e a r l i e r  mus ic ,  however ,  a  p u l s e  d o e s  n o t  seem t o  m o d i f y  

d u r a t i o n s  of component t o n e s  i n  a  " p r i n t e d  o u t "  manne r ;  f o r  Bach f o r  
example, t h e  du ra t ions  do not seem t o  be s y s t e m a t i c a l l y  m ~ d u l a t e d  i n  t h i s  
way - Bach has re ta ined  freedom from i t s  yoke; i n  h i s  music d u r a t i o n s  of 
tones a r e  a l t e r e d  mainly f o r  melodic ( e s s e n t i c  form) and s t y l i s t i c  con- 
s t r a i n t s  ( ~ c h w e i t z e r ,  1911) r a t h e r  than  those of a  pe r sona l  pulse.  



(2) f a r  from being tYmechanicalrt, i n f u s e  l i f e  and l i v i n g n e s s  ("Lebendig- 
k e i t w )  i n t o  music, 

(3) tend t o  g i v e  us  a  degree o f  understanding o f  t h e  ve ry  n a t u r e  o f  t h a t  
l i v i n g n e s s ,  a s  bound t o  i c o n i c  and unique form, 

(4 )  a l l o w  u s  t o  use imagina t ion  and c r e a t i v e  i n s i g h t  from a h i g h e r  h i e r -  
a r c h i c  p o i n t  o f  view, u s ing  a s  u n i t s  o f  thought  e n t i t i e s  t h a t  be fo re  
needed t o  be s p e c i a l l y  cons t ruc t ed  every time from c o n s t i t u e n t  p a r t s ,  

(5) should be cans idered  a s  first approximat ions ,  from which t h e  next  
s t a g e  c a n  be  more r e a d i l y  a t t e m p t e d  - "a camp on t h e  way t o  Mount 
Eve re s tw .  

Applications to music education are obvious and need not be detailed 

here. In an age of personal computers, the programs developed can give 

access to creative interpretation to all so inclined without the need for 

physical musical skills. 

Our previously developed computer composing program (clynes and Net- 

theim, 1982) can now be modified to include amplitude shaping of tones 
according to the melodies being composed by the program, and it should 
also be possible to study the effects of including pulse matrices. 

Finally, we emphasize that the last word in any realization is always 

the human shaper's imagination and discernment; the human feeling, imgi- 

nation and creativity tells the computer what to do: the computer is only 

a tool that helps man to think musically, somewhat as an electronic 

calculator is to a mathematical concept. 

Thus also the work presented here is to be gauged by what it may 
contribute to our understanding of music. 

Boethius wrote in the 5th century A.D.: 
"Is it not evident that the spirit of warriors is roused by t h e  sound of 



t he  t rumpets? I f  i t  i s  t r u e  t h a t  a  peacefu l  s t a t e  of  mind can be conver -  

t ed  i n t o  wrath and fu ry ,  then  beyond doubt a  g e n t l e r  mode can temper  t h e  

w r a t h  and p a s s i o n a t e  d e s i r e  o f  a p e r t u r b e d  mind. What d o e s  i t  s i g n i f y  

t h a t  when anyonees e a r s  and mind a r e  pleased by a  melody, he i n v o l u n t a r i -  

l y  keeps t ime by some bodi ly  motion and h i s  memory ga rne r s  some s t ra in  of  

i t ?  From a l l  t h i s  a p p e a r s  t h e  c l e a r  and c e r t a i n  p r o o f  t h a t  m u s i c  i s  s o  

much p a r t  o f  o u r  n a t u r e  t h a t  we c a n n o t  do w i t h o u t  i t  e v e n  i f  we w i s h  t o  

do so. 

The power of t h e  mind s h o u l d  t h e r e f o r e  be d i r e c t e d  t o  t h e  p u r p o s e  o f  

comprehending by sc ience  what i s  inhe ren t  by nature.  J u s t  a s  i n  t h e  s t u d y  

of v i s ion ,  t he  learned  a r e  not  conten t  t o  behold c o l o r s  and forms w i t h o u t  

i n v e s t i g a t i n g  t h e i r  p rope r t i e s ,  so they a r e  not  con ten t  t o  be d e l i g h t e d  

by melodies without  knowing by what propor t ion  of sounds t h e s e  a r e  i n t e r -  

r e l a t e d .  " 

Today i t  i s  n o t  o n l y  t h o s e  i n t e r e s t e d  i n  n a t u r e  and  i n  t h e o r i e s  wha 

need t o  comprehend t h i s ,  bu t  a l l  those  who use computers t o  make mus ic ;  

and e s p e c i a l l y  those  f o r  whom t h e  new means of our  t i m e  hold p romise  of 

h i t h e r t o  undreamed music, i n  which mancs mind and h e a r t  may f i n d  a  more 

meaningful evolu t ionary  in t eg ra t ion .  
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APPENDIX 

Tentative pulse matrix values for t r iple  meters are as follaws: 

DURATION AMPLITUDE RATIO 

BEEI'HOVEN 

Values for duple mte r  are derived simply £ram the quadruple values 

by adding the duration of tones 1 and 2, and of tones 3 and 4 ,  respect- 

ively, to  obtain the duration proportions and keeping the amplitude vql- 

ues for tones 1 and 3, which now become 1 and 2. 



Thus the matrix values for duple meter are: 

DURATION AMPLITUDE RATIO 

BEITrHrn  

Pulse mtr ices  for c q u n d  mters  can be derived from the above as 

follaws : 

The tm matrices are combined so that 

amplitude rat io  Ac (i, j ) = AI (i) A2 ( j  ) 

Dl ( i )D2(j)  
duration factors DC (i , j ) = , 00 

where A ( i , j )  is the cornpound pulse w l i t u d e ,  
C 

D ( i , j )  is the compound pulse duration, 
C 

A, (i) , A2 ( j  ) are the sixple pulse amplitudes, and 

D (i), D2(j) are the sixple pulse durations respectively 1 
for the i t h  and jth tone of the simple pulses. 

'Ib allow for different degrees of hierarchical dependence attenua- 

tion factors are introduced that allow the effectiveness of the subord- 



inate pulse structure to be &-emphasised or  emphasised, with the param- 

eters n and m, so that when n=l and m=l , a f u l l  hierarchical effect  is 

obtained, and for smaller values the duration and/or anplitude e f fec t s  

of the subordinate pulse structure are relatively mre attenuated. Thus 

amplitude r a t i o  Ac (i , j ) = AI ( i ) ~ ~  ( j ) 

Dl ( i ) D 2  (j) Dl (i) D2 0 1 
duration factors DC (i , j ) = 100 

Values of n and m in the range of .7 t o  .8 are found to  be oftenappro- 

priate . 
Fgr example, the 6/8 pulse for  Beethoven is 

for n = 1, m = 1 

for n = .8, m = .7 

The effect  is that each group of 3 tones constitutes a small 3-pulse, 

and the two  groups of 3 tones form a 2-pulse. 



MUSIC EXAMPLES 

( ) 

Example I11 B:1. F. S c h u b e r t ,  Symphony No. 5 i n  Bb, s e e  F i g .  13. 

Allegretto 
mezm voce n 

Example  I11 B:3. F. C h o p i n ,  B a l l a d e  No. 3, Op. 47,  s e e  F i g .  14. 

Example  I11 B:4 L. van  B e e t h o v e n ,  V i o l i n  C o n c e r t o ,  Op. 61, t h $ r d  move-  
m e n t ,  s e e  F ig .  15. 



Example I11 B:5. L. van ~ e e x h o v e n ,  Symphony No. 9, Op. 125,  t h i r d  move- 

ment,  s e e  Fig. 16. 

Example I11 C:l. P. Tchaikowski, Symphony No: 6, Op. 74, first movement, 
s e e  Fig. 17. 

Example I11 C:2. J. S. Bach, Chora l  from C a n t a t a  No. 140 "Wachet a u f n ,  
s e e  l egend  o f  Fig. 18. 

Allegro,ma non troppo. 

Example I11 C:3. L. van Beethoven,  V i o l i n  Concer to ,  Op. 61, f irst  move- 
ment, s e e  Fig. 19. 

Allegro con brio. 

Example I11 E:l. L. van Beethoven,  P iano  Concer to  No. 1, Op. 15, f i r s t  
movement, s e e  Fig. 20. 



Allegro eon brio 
0 

Example I11 E:2. L. van  B e e t h o v e n ,  P i a n o  C o n c e r t o  No. 3,  Op. 37, f i r s t  
movement, s e e  Fig. 21. 

Example I11 E:3. L. van Beethoven, Symphony No. 9, Op. 125, Scherzo ,  s e e  
F ig .  22. 

Andante 

Example I11 E:4. W. A. Mozart,  "Haffnerl1 Symphony, K385, second movement, 
s e e  Fig.  23. 

MENUETTO 
Allegretto 

Example I11 E:5. W. A. Mozart,  n Jup i t e r l l  Symphony, K551, t h i r d  movement, 
s e e  Fig.  24. 



Allegretto 

P W 

Example  I11 E:9. F. S c h u b e r t ,  S o n a t a  i n  A m a j o r ,  Op. P o s t h ,  D959, f o u r t h  
movement, s e e  Fig. 25. 

/ 



T A B L E . ;  
p-... - - - 

PARAMETERS FOR TRANSFORMING 

TOUCH FORMS TO SOUNil FORMS OF L ~ K E  EXPRESSION 

EMOTION 

ANGER 

HATE 

GRIEF 

LOVE 

SEX 

JOY 

REVERENCE 

Table 1. Transforms o f  dynamic forms t o  sound forms  of l i k e  exp re s s ion ,  
a s  a m p l i t u d e  and  f r e q u e n c y  m o d u l a t e d  s i n u s o i d s  ( s e e  F ig : s  1 and  2):  
s p e c i f i c  s c a l i n g  parameters.  

+ means : f r e q u e n c ~ t a s  prl!ssure ? D i f f e r e n t i a t i o n  time constant 
- means : frequencyTas pressure J, re fers  t o  t ransfer funct ion 

ATS f o r  arnpl. mod. where s i s  
1 +TS the Laplace Transfonn. 

Sinusoidal 
base 

frequency 
Hr 

110 

106 

406 

205 

228 

480 

298 

FREQUENCY WCULATION 

Depth 
and 

S1gn 

+ 59% 

- 52 

- 212 

- 2.4% 

+ 142 

-, one octave: 
biphasic 
201 down 
then 612 up 

+ 92 

-. 
AMPLITUDE WOULATIOI( 

Propor- D i f f .  time A 
t l o n a l  constant T 

(seconds) 

Prop. 

Prop. 1.2 0.05 

3.1 1 

Prop. 

1 .O 

Prop. 0.32 0.20 

4.0 1 



c 1  b b flat a a flat g a flat 

Table 2. S e t  of  28 a l t e r n a t i v e  melodies  express ing  Grief (shown i n  t h e  
r a n g e  f rom C t o  G). Each melody i s  one  h o r i z o n t a l  row. The number s  g i v e  
t h e  t i m i n g s  of t h e  t ones  l i s t e d  a t  t h e  head o f  t h e  column. These me lod ie s  
c o n s t i t u t e  a l l  t h e  p o s s i b l e  combinat ions o f  s c a l e  s t e p s  de r ived  from t h e  
e s s e n t i c  form of  G r i e f ,  a s  g i v e n  i n  F ig .  6. The a m p l i t u d e  e n v e l o p e  c o n -  
t o u r  n e e d s  t o  be  t h a t  o f  Grief f o r  a l l  t h e s e  m e l o d i e s ,  as  shown i n  F i g .  
2. They can be t ransposed over  a range o f  about  an o c t a v e  w i thou t  marked 
l o s s  o f  exp re s s ive  qua l i t y .  



aan 
I Tea 
4ae 
3-0 
4 30 
5 ~ 0  

8 
920 

ZlFB 
cna 
a?- 
.Inn 
3.0 

R 

? C @  
1559 

4 38 
3ea 
C2" 
eaa 
2'30 
4na 
23* 
5 i" 

- D  ^.I5  
219 
2 ' 7  

8.n" I " e  
I .  ~a  0 FP 
I 23- " ?a 
0 .  P 5  3 .  49 
I 2" 4 .-n 
e s c  0 8 3  
0 . 0 9  e . n e  
I I P  I  a- 
I I "  1 ' 0  
" 9  * m # ,  
C F.P 1 ZB 
I "0 ' . h @  
' 15 1 . 4 0  
" bP 9 . m  
' ,e 0 . 6 s  
1 .28  1.65 
8 . 8 9  1 .88  
* . Q 5  e . 9 9  
0 . 8 8  l .  l 0  
t . ? a  1 . 2 8  
P.80 1.39  
n . 8 5  1 .09  
n . 8 0  t . ? a  
1.55 ? . ? B  
n . 9 3  9 . 8 a  
8 . 8 8  0 .70  
1 . 3 9  1.2R 

T a b l e  3. T h i s  t a b l e  and  s i m i l a r  o n e s  g i v e s  a l ist  o f  a l l  t h e  t o n e s  and  
rests o f  t h e  computer r e a l i s a t i o n ,  s p e c i f y i n g  f o r  each  
1 )  t h e  d u r a t i o n  of t h e  t o n e ,  o r  r e s t ,  i n  p o i n t s  
2 )  t h e  ampli tude s i z e  
3) t h e  ampli tude shapes i n  terms of p2-values 

In  some Tables,  where Beta Funct ions a r e  used t o  span  on ly  p a r t  o f  t h e  
d u r a t i o n  o f  t h e  tone ,  a s  may occur  f o r  s t a c c a t o  t o n e s ,  t h e  sound d u r a t i o n  
o f  s t a c c a t o  t o n e s  i s  g i v e n  i n  p a r e n t h e s i s  n e x t  t o  t h e  t o t a l  t o n e  d u r a -  
t i on .  Micropauses a r e  i n d i c a t e d  a s  "Pw, and r e s t s  as "Rn. When more t han  
one  Be ta  F u n c t i o n  is u s e d  f o r  a  t c n e  a m p l i t u d e ,  t h e y  a r e  l i s t e d  i n  
v e r t i c a l  sequence f o r  t h a t  tone. Metronome mdrk for t h e  normal u n i t  used 
( o f t e n  a  subd iv i s ion  o f  a  q u a r t e r  no t e )  is  a l s o  given.  
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T a b l e  4. For e x p l a n a t i o n s  
s e e  l egend  of Table 3. 
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1. M n T E  DI!R RHFL F1 P I  
<PT?' ,  

T a b l e  5. Fo r  e x p l a n a t i o n s  
s e e  legend of  Table 3. 

T I  NOTE DUR RMPL P I  P2  
I P r s '  

94 2960 8 . 9 8  
188 583 8 . 7 0  

B e 8 . 0 0  
1 1 7 t 7 5 )  1939 1 .89  
209 2590 R. 7 8  

>BC@ 3.58  
100 747 9 . 6 9  

97 15-R u.?n 
l BR 585 0.5P 

a 8 9 . 0 9  
L 83 1900 I .@*  
197 :S80 3 - 2 8  

1598 0 . 7 9  
183 1323 0 .55  
197 1170 3.88 

-45 8 . 5 9  
98 1379 a . 7 ~  
9 7 a l n  0 . 4 9  
94  a73 e . 4 0  
3 0 . 1 9 . 1 ~  1599 8 . 6 0  
I ? .  la l ,88 8 . 6 0  

100 2789 0 . 7 9  
l 2 7  R 8 . 0 8  
107 2168 1 - 9 9  

T a b l e  6. F o r  e x p l a n a t i o n s  
s e e  legend o f  Table  3. 



5 E 4  
G4 

7 F 4 1  

c G4 
9 R 4  

i a  ~ 4 )  
I I R( 
1: G 4  

F - 
13 R 4  
I 4  P4 
I5 C?"  
F - 

I F  E5 
I :  D5 
lP U5 
l ?  c51 
2e P4 
21 644 
2: G 4  
. . .: F * @  
2 4  F4I 
35 E. 

2f r4m 
27 G4 

Zt' E4 
2,  c4 
30 FII 

T a b l e  7. F o r  e x p l a n a t i o n s  
s e e  legend of Table 3. 



Semitones t c  next tone 

Semitones t o  next tone 

Table 8. Amplitude shapes of melodic tones.  Ra t io s  modifying base  va lues  
of p ,according t o  number o f  semi tones  t o  t h e  n e x t  melodic  t one  (horizon-  
t a l  columns) and d u r a t i o n  o f  t h e  tone  ( v e r t i c a l  columns). For modifying 
t h e  b a s e  v a l u e s  o f  p2,  r e c o p r o c a l  v a i u e s  a p p l y  ( s w i t c h  u p p e r  a l d  l o w e r  
t a b l e s ) .  
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D u r a l l o n  (1.0 1 2 9 . 3 6  
mn c l @ %  ~ O ~ S S , ~ I , ~ I ~  118.80 
1.s. P I .  P21 l.** 1 . 2 8  

ll lI,JlE PtIP RHFL P I  P2  
w s s )  

1 F 5 1  145  
2 ES 18(1 
3 B5 t e e  
4 n 4  128  
5 F 4 1  9 7  
6 D4 94 
7 F I U  l 2 b  
8 E4 3 7 0  
9 R I  1 8 0  

I 8  R I  58% 
I t  AS 739 
12  G 5  I 1 9  
1 3  F 5 1  I 8 8  
I 4  F 5 1  2 3 8  
I 7  E 5  2 3 8  
16 CS 2 3 0  
I7 F 5 1  I I S  
l 0  F.5 92 
19  E 5  2 3 8  
2 8  US 2 4 8  
2 1  R 127 
2 2  F J I  155  
2 3  E5  118  
24 5 11% 
2 5  H$ I 4 8  
2 6  F 4 1  I 1 8  
2 7  U4 110  
c 9  F 4 l  I 1 2  
7 9  E4 405  
3 0  R4 1 2 3  
? I  fi.1 3?@ 

T a b l e  9. For  e x p l a n a t i o n s  
s e e  legend of  Table 3. 

BRCHi  CIIOERL .URCItET AUF' FFUN C R I I l f i I R  l 4 8  

1 1  HD lE  DUR n n ~ l  F I  p2  
(PIS) 

7 R 4  108 
e GI t e e  
9 F 4 1  l 0 8  

1 0  E4 180 
I 1  D4 282 
1 2  E4  l** 
1 3  F 4 1  1.0 
II G4 102 
I S  R 4  188 
16  E4 100 
l 7  H4 180 
l 8  CS 102 
l* E4 IOU 
2 8  R4 I 8 0  
21  G4 I 1 8  
2 2  B4 215  
2 3  R 4  238 

T a b l e  10. For e x p l a n a t i o n s  
s e e  l e g e n d  o f  T a b l e  3. I n  
t h i s  example ,  a DC compo- 
nent  is  in t roduced  g radua l -  
l y ,  t h r o u g h  a  r a m p  f u n c -  
t i o n ,  i n  o r d e r  t o  o b t a i n  a  
h i g h  l e g a t o ;  i t  i s  a l s o  
removed by a  ramp func t ion .  
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n.nn 
1.26 
1 .n0 
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I no 
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1 I30 - e . c0 
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cl 
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T a b l e  12. F o r  e x p l a n a t i o n s  
see legend o f  Table 3. 

T a b l e  1 1. Fo r  e x p l a n a t i o n s  
s e e  legend of Table 3. 
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F4U 
R 4 
D5 
D5 
D5 
PRF 
CSY 
E7 
G 5 
G 5  
G 5 
FFR 
F58 
G 5 
A S  
A 5  
G5 
FSY 
E? 
D5 
DT 
CS# 
B4 
R4 
R4 
G 4 
F4W 
E 4 

1 pulse considered to bp 1 eiqhth note 

T a b l e  15. F o r  e x p l a n a t i o n s  
s e e  l e g e n d  o f  T a b l e  3. One 
p u l s e  i s  c o n s i d e r e d  t o  b e  
one e i g h t h  note.  

On;-at1c.r t 5 r c )  : 10.47 
?!M ( 1 8 8  pr ton*s . 'rnin~:  138.YB 
B a s e  P I ,  F21  1 . 8 3  1.07 

l  l I S  
'C? 

1 pulse considered to be 1 bar i 

T a b l e  16. F o r  e x p l a n a t i o n s  
s e e  l e g e n d  o f  T a b l e  3. One 
p u l s e  i s  c o n s i d e r e d  t o  b e  
o n e  b a r .  



Durst i o n  (rat) 1 8 . 4 1  
M13 (IDQ pt  tnnes/nin?: 221.00  
Rnrc P I ,  F'2t 1 .03  1 . 9 5  

RI IPL f l  F;' 

186 1.71 0.57 
PIP  1 . 4 0  0 . 7 7  
218 l . ? ?  n .68  
644 1 . 0 3  1 . @ 5  
2?2 1 . 0 3  ! . R 5  
450 1 . 0 3  1 . 8 5  

R 0 . 0 0  o . n n  
374 1 .03  I  .P5 

IC,lfi P .?3  1.  16 
322 0 .?2  1.17 
747 1 . 9 3  1 . 0 5  
338 0 . ? Q  1 . 2 0  
540 1 . 0 3  ! . Q 5  

Q 9.RQ o . 0 0  
30.5 1 . 0 )  1 . 0 5  

I:eo 0 . 9 3  1 . 1 6  
264 1  . m  I .  a 5  
644 1.14 0 . 9 5  
3P6 1 . 0 3  1 . 0 5  
570 a . ? ?  1 .16  
264 I . 0 l  l . Q 5  
467 0 . 8 4  1 . 2 7  
189 1 . 8 3  1.0'5 
'389 8 .?2  1 .17  
232 4 .96  l .  l 3  

9 3  1 . 0 3  1 . 8 5  
16P 0 .88  1 . 1 2  

1 pulse considered to be 1 half note 

T a b l e  17. For  e x p l a n a t i o n s  
s e e  l e g e n d  o f  Tab le  3. One 
p u l s e  i s  c o n s i d e r e d  t o  be 
one h a l f  note. 

Dur a t  Ion (,.c > 1 13.49 
nn ( t o e  pt ro,r.s,-vn>l 143.80 
B... PI. P21  1.11 9 . 8 2  

C S  
c 5  
E5b 
D5b 
C5 
c5 
Blb 
E.lb 
R4b 
G4 
R4b 

T a b l e  18. F o r  e x p l a n a t i o n s  
s e e  l e g e n d  o f  T a b l e  3. One 
p u l s e  i s  c o n s i d e r e d  t o  b e  
one q u a r t e r  note .  



SCl4IURERT1 TRIO Ill Bb. I ? T  llnv, 2llD SIJFI  

Durat I o n  ( s e c )  ? 9.97 
M M  ( 1 0 0  pt tancs/mlt>)r 188.RB 
Base P l ,  P21 1 . 2 8  8 . 3 0  

T I  NOTE DllE 
(PT?.) 

1 ~9 4e3 
2 F4 2 13 
3 DJ I 9 8  
4 E5b 425 
5 F 4  213 
6 E5b 205 
7 DJ 213 
0 D5 238 
9 D5 98 

I 8  F? 1 l 5  
I t  EJb 93 
l2 C5 9  1 
13 B 4 b  402 
14 fl4 225 

RMPL F1 P2 

! 1 pulse considered to be 1 half note 

T a b l e  19. Fo r  e x p l a n a t i o n s  
s e e  l e g e n d  o f  T a b l e  3. One 
p u l s e  i s  c o n s i d e r e d  t o  b e  
one h a l f  note.  

T a b l e  20. F o r  e x p l a n a t i o n s  
s e e  l e g e n d  o f  T a b l e  3. One 
p u l s e  i s  c o n s i d e r e d  t o  be  
one h a l f  note .  



Durar Ion r r r c  > 8 19.31 
tin < l e e  ,,t t e n + l . . n ~ n ) :  1 ~ f i . 0 8  
B.,. P I .  P21 1.20 8 . 8 8  

B3b 
El* 
Edb 
G4 
E4b 
Elb 
D4 

DUR RnPL PI 
,D,+', 

T a b l e  21. F o r  e x p l a n a t i o n s  
see l e g e n d  o f  T a b l e  3. One 
p u l s e  i s  c o n s i d e r e d  t o  be  
one q u a r t e r  note .  



L i s t s  o f  t h e  sound examples i n  t h e  grammophone r e c o r d s  

RECORD MAK 832, Side A: 

Sound e x a m p l e s  of  Beng t s son  & G a b r i e l s s o n :  l l A n a l y s i s  and  s y n t h e s i s  o f  
mus ica l  rhythm1': 

Sound e x a m p l e  1. Th ree  d i f f e r e n t  v e r s i o n s  o f  a t h e m e  by Moza r t  ( s e e  
t e x t  f o r  explana t ions)  

Sound example 2. Nine d i f f e r e n t  ve r s ions  o f  Swedish f o l k  melody (l1Vgr- 
v i n d a r  f r i s k a n )  

Sound example 3. Successive cons t ruc t ion  o f  Vienna Waltz 
Sound example 4. D i f f e r e n t  combinat ions of  l eng then ing  and s h o r t e n i n g  

i n  an accompaniment 

Sound example 5. F l a t  ve r s ion  o f  t h e  Bat w a l t z  
Sound example 6. Synthesized ve r s ion  o f  t h e  Bat w a l t z  
Sound e x a m p l e  7. Two b a r s  f rom a r e a l  p e r f o r m a n c e  o f  t h e  B a t  w a l t z ,  

first a t  normal tempo, then played a t  1/4 o f  normal t a p e  speed. 

RECORD MAK 832, S ide  B: 

Sound examples o f  Sundberg, Fryden & Askenfelt:  "What t e l l s  you t h e  p l a y e r  
is  m u ~ i c a l ? ~  

Sound example 1. Ru le  1: The h i g h e r ,  t h e  l o u d e r .  
a )  wi thout  any r u l e s  
b) w i t h  exaggerat ion of  t h e  r u l e  
c )  w i t h  t h e  r u l e  according t o  t h e  t e x t  
( G  F Handel: Sonata E major f o r  v i o l i n  and cont inuo ,  op. 1 : 15) 

Sound example 2. Rule 2: Sharpening of  d u r a t i o n a l  c o n t r a s t  
a )  wi thout  any r u l e s  
b) w i t h  exaggerat ion of t h e  r u l e  
c )  w i th  t h e  r u l e  according t o  t h e  t e x t  
(C M Bellman: "Vila v id  denna k a l l a w ,  N r  82  i n  Fredmans e p i s t l a r )  

Sound example 3. Rule 3: Acelerando i n  upwards motion of melody 
a) wi thout  any r u l e s  
b) wi th  exaggera t ion  of t h e  r u l e  
c )  w i th  t h e  r u l e  according t o  t h e  t e x t  
( W  A Mozart: Alla t u r c a  from Sonate f u e r  K lav i e r  A major ,  K 331) -- 

Sound example 4. Rule 4: Lengthening o f  t a r g e t  n o t e s  i n  l e a p s  
a )  w i th  exaggera t ion  of  t h e  r u l e  
b) wi th  t h e  r u l e  according t o  t h e  t e x t  
( G  F Handel: Sonata E major  f o r  v i o l i n  and cont inuo ,  op. 1: 15) 



Sound example 5. Rule 5: Micropauses i n  melodic l e a p s  
a )  wi thout  any r u l e s  
b) wi th  exaggera t ion  o f  t h e  r u l e  
c )  wi th  t h e  r u l e  accord ing  t o  t h e  t e x t  
(J S Bach: Sarabande from S u i t e  c minor f o r  c e l l o  s o l o ,  BWV 1011) 

Sound example 6.  Rule 6: Accents marking c e r t a i n  d u r a t i o n a l  c o n t r a s t s  
a )  wi th  exaggera t ion  o f  t h e  r u l e  
b) with  t h e  r u l e  accord ing  t o  t h e  t e x t  
(C. M. Bellman: "Vila v i d  denna ka l la t t ,  N r  82 i n  Fredmans e p i s t l a r )  

Sound example 7. Rule 7: Amplitude smoothing 
a )  wi thout  any r u l e s  
b)  w i th  t h e  r u l e  accord ing  t o  t h e  t e x t  
(J S Bach: Theme of  t h e  first Kyrie o f  t h e  b-minor Mass) 

Sound example 8. Rule 8: Tuning o f  s c a l e  t ones  
a )  wi thout  any r u l e s  
b) wi th  exaggera t ion  o f  t h e  r u l e  
c )  wi th  t h e  r u l e  according t o  t h e  t e x t  

Sound example 9. Rule 9: Marking of harmonic p rog re s s ion  
a )  wi thout  any r u l e s  
b ) w i t h  e x a g g e r a t i o n  o f  t h e  r u l e  mark ing  h a r m o n i c  d i s t a n c e  b y  
means o f  ampl i tude  changes 
c )  wi th  exaggera t ion  o f  t h e  r u l e  marking t o n i c  d i s t a n c e  by means 
o f  ampl i tude  changes 
d )  w i t h  e x a g g e r a t i o n  o f  t h e  r u l e  mark ing  c h o r d  c h a n g e s  b y  
lengthening  o f  t h e  first no te  a f t e r  t h e  change 
e) Summed e f f e c t s  of  harmony markers 

10. Rule 10: F i n a l  l engthening  
a )  without  any r u l e s  
b) wi th  exaggera t ion  o f  t h e  r u l e  
c )  wi th  t h e  r u l e  according t o  t h e  t e x t  
( A  Tegnk: ltEkorrn s a t t  i granentl, Nursery t une  from Sjung med -- 
~ s s ,  Mamma, Vol. I) 

11. Summed e f f e c t  o f  a l l  r u l e s  
(F. Schubert:  Theme from 8 t h  Symphony, Uncompleted, first movement 
12. Rules o r  random? Melody played 

a )  without  any performance r u l e s  
b) wi th  performance r u l e s  1 - 7 
c )  wi th  performance r u l e s  1 - 7 i n  randomized q u a n t i t y  each t i m e  
t h e  i n d i v i d u a l  r u l e  is appl ied  
(J S Bach: Bourree from S u i t e  C Major f o r  c e l l o  s o l o ,  BWV 1009) 

RECORD MAK 833, S ide  A: 

Sound examples o f  Clynes: llExpressive m i c r o s t r u c t u r e  i n  music,  l i n k e d  t o  
l i v i n g  q u a l i t i e s t 1 .  



The music example were performed i n  real time by t h e  computer. Del ibera-  
t e l y  no t i m b r a l  complexi ty  h a s  been included i n  t h e  computer sound; only 
s i n u s o i d a l  c a r r i e r  t o n e s ,  a m p l i t u d e  m o d u l a t e d ,  a re  used .  Thus ,  t h e  sound 
has  a  r a t h e r  f l u t e - l i k e  sonor i t y .  What is o f  impor tance  he re ,  however, is 
t h e  exp re s s ive  q u a l i t y  - t h e  mic ros t ruc tu re -  

Examples o f  Group I ( p e r t a i n i n g  t o  Sec t ion  I11 B) 

I n  t h e  f i rst  g r o u p  o f  f i v e  e x a m p l e s  e a c h  t o n e  i s  s h a p e d  a c c o r d i n g  t o  
a r t i s t i c  judgement, e n t e r i n g  parameter  va lues  f o r  t h e  ampl i t ude  shapes  and 
f o r  t h e  t i m i n g  o f  i n d i v i d u a l  t o n e s ,  i n v o l v i n g  a  p r o c e s s  o f  s c u l p t i n g  f o r  
s e v e r a l  days on each melody, working l i k e  a  s c u l p t o r  i n  time u n t i l  one has  
ob ta ined  t h e  r i g h t  shape f o r  each tone ,  judged by r epea t ed  l i s t e n i n g .  

Sound example I : l ,  W. A. Mozart, Q u i n t e t  i n  g  m i n o r  
a )  played twice by t h e  computer 
b) performed by t h e  Pro Arte Q u i n t e t  (COLH 42 Angel, Great recor -  
d ings  o f  t h e  Century) 

Four ve r s ions  a r e  now i l l u s t r a t e d  t o  show t h e  i n c r e a s i n g  e x p r e s s i v e n e s s  a s  
each new f a c t o r  is added. 

c )  f l a t  ve r s ion ,  without  express iveness  
d )  wi th  varying ampli tude s i z e s  
e )  wi th  varying ampli tude shapes a l s o  
f )  i nc lud ing  time d e v i a t i o n s  

Sound example I:2, F Schubert ,  F i f t h  symphony 
a )  played twice by t h e  computer 
b) conducted by Karajan (Be r l i n  Phil., EM1:ASD 3860 s te reo /quad-  

rophonic ) 
c )conduc ted  by K a r l  Boehm (Wiene r  POhi l . ,  D e t s c h e  Grammophon 

s t e - eo  2531 373) 
Four ve r s ions  o r  s t a g e s  o f  sound example I:2:  

d )  t h e  f l a t  ve r s ion  
e )  with varying ampli tude s i z e s  on ly  
e )  a l s o  with vary ing  amplitude shapes 
f )  inc lud ing  time d e v i a t i o n s  

Sound example I:3, F. Chopin, Bal lade i n  A f l a t ,  Op. 47 
a )  by computer ( t w i c e )  
b)  played by Artur  Rubinstein ( R C A  Red S e a l  L 16285) 
c )  by computer 



Sound example  I :4 ,  L van  Bee thoven ,  V i o l i n  C o n c e r t o ,  Op. 61,  t h i r d  
movement 

a )  by computer ( tw ice )  
b)  by David O i s t r ach  (Columbia, SAX0 - 2315) 
c )  by Jasha  He i f e t z  (RCA LCT 1010) 
d )  by Yehudi Menuhin (EM1 2 C 051 - 01570) 
e )  by F r i t z  Kreisler ( B e r i l  S t a a t s o p e r ,  conductor Leo Blech - 1926) 
f )  by Wolfgang S c h n e i d e r h a h n  (Deutsche Grammophon G e s e l l s c h a f t  
LPM 18 099) 
g )  by computer 

Sound example  I:4,  L. van  Bee thoven ,  Symphony No. 9,  Op. 125, t h i r d  
movement 

a )  by computer ( tw ice )  
b)  conducted by Arturo Toscanini  (NBC Symph., RCA:AT -1014 Mono) 
c )  c o n d u c t e d  by Wilhe lm F u r t w a n g l e r  ( W i e n e r  P h i l . ,  EM1 Mono 
RLS727 HLM 71 35, 7  136) 
e )  by computer 

RECORD MAK 833, S ide  B: 

Examples o f  Group I1 ( p e r t a i n i n g  t o  Sec t ion  I11 C )  

I n  t h e  fo l l owing  t h r e e  examples performed by t h e  computer ,  t h e  i n d i v i -  
d u a l  t o n e  a m p l i t u d e  s h a p e s  a r e  now c a l c u l a t e d  e n t i r e l y  b y  t h e  c o m p u t e r  
der ived  from t h e  s t r u c t u r e  of  t h e  melody, t h e  s l o p e  o f  t h e  p i t c h  c o n t o u r ,  
f o l l owing  t h e  formula g iven  i n  Sec t ion  I11 C. 

Sound example 11: 1. P Tchaikowski, Symphony No. 6, 
Sound example  I I :2 .  J S Bach, Chora l  f rom C a n t a t a  No. 140 "Wachet  

aufv ,  played twice 
Sound example  11: 3. L van Bee thoven ,  V i o l i n  C o n c e r t o ,  Op. 61, f i r s t  

movement, played twice 

Examples o f  Group I11 ( p e r t a i n i n g  t o  Sec t ion  I11 E )  

I n  t h e  f o l l o w i n g  10 examples  p e r f o r m e d  by t h e  c o m p u t e r ,  t h e  c o m p u t e r  
a l s o  u t i l i s e s  t h e  composer's s p e c i f i c  pu lse  forms, a s  g i v e n  by t h e  m a t r i x  
i n  S e w c t i o n  I1 D ,  t o  p r e d i c t ,  i n  a b o u t  one  m i n u t e  f o r  e a c h  e x a m p l e  - o r  
even i n  r e a l  t ime  i f  one wishes - t h e  r equ i r ed  m o d i f i c a t i o n  o f  a m p l i t u d e  
s i z e s  and o f  t im ing  of  t h e  i n d i v i d u a l  tones ,  a s  w e l l  a s  c a l c u l a t i n g  i n d i v i -  
dua l  tone ampl i tude  shapes a s  i t  d i d  i n  Group 11. Thus, a l a r g e  p a r t  o f  t h e  
m i c r o s t r u c t u r e  e s s e n t i a l  f o r  express iveness  is  pred ic ted .  



Sound e x a m p l e  I I I : 1  L van Bee thoven ,  P i a n o  C o n c e r t o  No. 1, Op. 15, 
first movement, played twice 

Sound e x a m p l e  I I I : 2  L van Bee thoven ,  P i a n o  C o n c e r t o  No. 3, Op. 37, 
first movement 

Sound e x a m p l e  I I I : 3  L van Bee thoven ,  Symphony No. 9, Op. 125, 
Scherzo, p l a y e d  t w i c e  

Sound example I I I : 4  W A Mozart, "HaffnerW Symphony, K385, second move- 
ment, p l ayed  twice 

Sound e x a m p l e  I I I : 5 .  W A M o z a r t ,  " J u p i t e r n  Symphony, K551, t h i r d  
movement, 

Sound example I11 E:6, W A Mozart, g minor q u i n t e t ,  t h e  same music a s  
i l l u s t r a t e d ,  i n  a d i f f e r e n t  ve r s ion ,  i n  sound example 1:1 

Sound example I11 E:7, F. Schubert 's  song ~lFruhl ingsglaube ' l  
Sound example I11 E:8, F. Schubert ,  Tr io  i n  B f l a t  

a )  p l ayed  by computer 
b)  as p l a y e d  by Pablo Casa ls  from t h e  r eco rd ing  w i t h  Schneider 
and I s t o m i n  (Columbia ML 4715/SL 183 SL 185) 

Sound example I11 E:9, F. Schubert ,  Piano Sonata  i n  A 
Sound e x a m p l e  I11 E: 10,  Minuet  f rom Beethoven ' s  P i a n o  S o n a t a  Op. 31 

No. 3 
a )  p layed  twice by t h e  computer 
b) p layed  w i t h  t h e  Mozart pu l se  and a l s o  w i t h  some no te s  a l t e r e d ,  
a s  one p o s s i b i l i t y  more b e f i t t i n g  t h e  Mozart pu l se  

Sound example I11 E: l l ,  F. Schubert ' s  song wFruhl ingsglauben (showing 
computer e v o l u t i o n  o f  exp re s s ive  q u a l i t i e s )  

a )  p layed  f l a t  
b) w i t h  t h e  Schubert  pu l se  on ly  (wrong pulse)  
c )  w i t h  t h e  Mozart pu l se  on ly  (wrong pu l se )  
d)  w i t h  t h e  Schubert  and i n d i v i d u a l  ampl i tude  shapes a s  pred ic ted  
by fo rmula  
e )  f i n a l  v e r s i o n  i n c l u d i n g  a l s o  c r e s c e n d o  - d iminuendo  a s  a 
f u n c t i o n  o f  p i t c h ,  and micropauses.  


