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I. MUSIC ACOUSTICS 

A. MEASUREMENT OF THE BOWING PARAMETERS I N  VIOLIN PLAYING* 

Anders Askenfel  t 

Abstract 
A method is d e s c r i b e d  which a l l o w s  s i m u l t a n e o u s  measurement o f  t h e  

bowing p a r a m e t e r s  i n  v i o l i n  p l a y i n g  u n d e r  n o r m a l  p l a y i n g  c o n d i t i o n s .  
The measured parameters i n c l u d e  bow p o s i t i o n ,  bow v e l o c i t y ,  bow-br idge  
d i s t a n c e ,  and bow force .  The use  o f  t h e  method is i l l u s t r a t e d  by r e g i s -  
t r a t i o n s  o f  t y p i c a l  bowing p a t t e r n s  ( s u s t a i n e d  n o t e s ,  scales, crescendo-  
diminuendo, s f o r z a n d o  and sal t e l l a t o ) .  The examples  are ana lyzed  w i t h  a 
f o c u s  on  t h e  p l a y e r ' s  u s e  o f  t h e  b o w - b r i d g e  d i s t a n c e  a n d  bow v e l o c i t y  
i n  c o n t r o l l i n g  t h e  dynamic l e v e l .  The correspondence between p r e d i c t e d  
and observed changes  i n  t h e  dynamic l e v e l  is discussed .  The measurement 
method is a d e v e l o p m e n t  o f  e q u i p m e n t  ea r l i e r  d e s c r i b e d  (Asken f e l t ,  
1986) . 

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

A method  h a s  b e e n  p r e v i o u s l y  d e s c r i b e d  (Asken f e l t ,  1 9 8 6 )  w h i c h  

a l lowed s i m u l t a n e o u s  measurement o f  t h e  motion o f  t h e  v i o l i n  bow t r a n s -  

v e r s e  t o  t h e  s t r i n g s  and t h e  bow f o r c e  under normal  p lay ing  c o n d i t i o n s .  

The method h a s  now been developed t o  i n c l u d e  measurement o f  t h e  d i s t a n c e  

from t h e  b r i d g e  t o  t h e  c o n t a c t  p o i n t  b e t w e e n  t h e  bow a n d  t h e  s t r i n g  

(bow-bridge d i s t a n c e )  and t h e  bow v e l o c i t y .  

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

t h e  s o u n d  p r o d u c e d ,  t h e  method  is d e s c r i b e d ,  w i t h  f o c u s o n  t h e  n o v e l  

measurement o f  t h e  b o w - b r i d g e  d i s t a n c e .  The u s e  o f  t h e  method  is t h e n  

i l l u s t r a t e d  b y  r e g i s t r a t i o n s  o f  t y p i c a l  bowing p a t t e r n s .  I n  t h e s e  exam- 

p l e s ,  p a r t i c u l a r  i n t e r e s t  is d i r e c t e d  t o w a r d s  t h e  p l a y e r ' s  u s e  o f  t h e  

bow-bridge d i s t a n c e  and bow v e l o c i t y  i n  c o n t r o l l i n g  t h e  dynamic l e v e l .  

F i n a l l y ,  some a d v a n t a g e s  a n d  d r a w b a c k s  o f  t h e  m e a s u r e m e n t  method  are 

d i s c u s s e d ,  t g e  t h e r  w i t h  some s u g g e s t  i o n s  f o r  f u t u r e  development.  

*This  ar t ic le  is submi t t ed  f o r  p u b l i c a t i o n  i n  J.Acoust.Soc.Am. 



STL-QPSR 1/1988 

I. Bowing parameters 

The s t r i n g  p l a y e r  h a s  a c c e s s  t o  t h e  f o l l o w i n g  f o u r  bowing pararn- 

eters ( s e e  Fig. l a ) :  

(1) Bow pos i t i on ,  t h e  t r ansve r se  pos i t i on  of  t h e  bow i n  r e l a t i o n  t o  t h e  

frog o r  t o  t h e  t i p .  

( 2 )  Bow v e l o c i t y ,  t h e  v e l o c i t y  o f  t h e  bow t r a n s v e r s e  t o  t h e  s t r i n g s  

(v,) 

(3)  Bow force ,  t h e  fo rce  between bow and s t r i n g ,  normal t o  t h e  d i r sc -  

t i o n s  of  t h e  bow and s t r i n g .  

( 4 )  Bow-bridge d i s t a n c e ,  t h e  d i s t a n c e  a l o n g  t h e  s t r i n g  f rom t h e  

br idge  t o  t h e  c o n t a c t  po in t  w i t h  t h e  bow (xB). 

Although t h e  p l aye r ,  i n  p r i n c i p l e ,  is f r e e  t o  vary  these  parameters  

independently,  on ly  c e r t a i n  combinat ions w i l l  r e s u l t  i n  a v i o l i n  tone o f  

a no rma l  q u a l i t y .  The i n f l u e n c e  o f  t h e  bowing p a r a m e t e r s  on t h e  sound 

produced a r e  reviewed i n  Askenfelt  (1986). 

In  s h o r t ,  t h e  bow v e l o c i t y  and t h e  bow-bridge d i s t a n c e  c o n t r o l  t he  

ampli tude of  t h e  s t ~ i n g  v ib ra t ions .  The s t r i n g  ampli tude is predic ted  

. , t o  v a r y  proport ionalLy t o  vg' (L/xB), where L is t h e  f r e e  s t r i n g  length. 

:-i?~he bow fo rce  is ~ b d i n a t e d  wi th  the bow v e l o c i t y  and t h e  bow-bridge '. . 
" d i s t ance .  Inc reas inq  t h e  bow v e l o c i t y  or approaching t h e  br idge  demands 

5 ,  
., :.a h i g h e r  bow f o r c e , ' i n  o r d e r  t o  m a i n t a i n  t h e  s t r i n g  v i b r a t i o n s .  Theory  

* .  

'* . p r e d i c t s  t h e  lowqf  Z i m i t  f o r  bow f o r c e  t o  i n c r e a s e  p r o p o r t i o n a l l y  t o  

' ' vg' (L/xB) (Cremer, 1984). 

Fur ther ,  t h e  bow fo rce  i n  combination wi th  the  bow-bridge d i s t a n c e  

de termines  t h e  s p e c t r a l  c o n t e n t .  A h i g h  bow f o r c e  and  a s h o r t  bow- 

b r idge  d i s t a n c e  g i v e s  a s p e c t r u m  r i c h  i n  h i g h  harmonics .  F i n a l l y ,  t h e  

p a r t  o f  t h e  bow being used, r e f l e c t e d  by t h e  bow pos i t i on ,  is chosen i n  

such way a s  t o  f a c i l i t a t e  a bowing g e s t u r e ,  o r  even make c e r t a i n  bowings 

poss ib le .  

Regarding t h e  bow-bridge d i s t a n c e ,  t h e  p l a y e r  u s e s  a r a n g e  from 

v e r y  c l o s e  t o  t h e  b r i d g e  t o  a p o s i t i o n  w e l l  beyond t h e  end  o f  t h e  

f inqerboard. Expres sed  i n  f r a c t i o n s  o f  t h e  open s t r i n g  l e n g t h  ( " s t a n d -  

a rd ized"  v a l u e  327 m m )  ( H u t c h i n s ,  19801 p. 190)  t h i s  g i v e s  t h e  ex- 

tremes of  t h e  bow-bridge d i s t a n c e  a s  approximately 1/50 (6 m m )  and 1/5 

(65 mrn). This  span i n  bow-bridge d i s t a n c e  would correspond t o  a maximum 

c o n t r i b u t i o n  t o  t h e  dynamic range of  20 dB (cf .  Bradley, 1976). Normal- 

l y  a narrower range is used, t y p i c a l l y  between 1/30 (11  m m )  and 1/6 

(55  m m ) ,  o f f e r i n g  a p o t e n t i a l  s h i f t  i n  dynamic  l e v e l  of 1 4  d B  (Meyer ,  
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TIP 

BRIDGE E s k K :  

VELOCITY 

Fig. la. View of the violin and bow, designating the bow-bridge 

distance (BBD) and the bow position. 

BOW - BRIDGE 

DISTANCE 

I 1 J 

't: BRIDGE 

Fig. lb. Bridge circuits used for the detection of bow position and 

bow-bridge distance. The "resistors" in the divided resist- 

ance wire in the bow hair (R ) and in the divided string (R ) 
S 

are indicated in Fig. la. &e bow position circuit was fed 

by a DC-supply and the bow-bridge distance circuit by a sine 

generator. The output signals were separated with the aid of 

an AC-coupled differential amplifier and a low pass filter, 

respectively. 
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reason w a s  t h a t  t h e  v i o l i n i s t  u s u a l l y  t i l t s  t h e  b o w - s t i c k  t o w a r d s  t h e  

f ingerboard when p l a y i n g  a t  s o f t  dynamic  l e v e l s  o r  i n  t h e  upper  p o s i -  

t i o n s ,  i n  o rde r  t o  decrease  t h e  e f f e c t i v e  width of t h e  bow h a i r  (F lesch ,  

1929; Trendelenburg , 1925). 

B. Bow v e l o c i t y  

The bow v e l o c i t y  was der ived  from t h e  bow pos i t i on  s i g n a l  i n  an RC- 

network w i t h  a t i m e  cons t an t  of  10 m s ,  which al lowed a d i f f e r e n t i a t i o n  

of  t h e  components i n  t h e  bow motion up t o  16 Hz. 

C. Bowforce  

The bow fo rce  was measured by means of  s t r a i n  gauges. The bow h a i r  

was c u t  a t  both ends  and glued t o  t h i n  metal  s t r i p s  fas tened  t o  t h e  t i p  

and t h e  frog. Four s t r a i n  gauges were glued t o  t he  s t r i p s  and connected 

i n  a second  Whea t s tone  b r i d g e .  The bending  o f  t h e  s t r i p s  g e n e r a t e d  a 

s i g n a l  r e f l e c t i n g  t h e  no rma l  f o r c e  be tween  bow and s t r i n g .  The b r i d g e  

w a s  fed  by a s i n e  gene ra to r  (1 kHz). The output  w a s  band-pass f i l t e r e d  

( t i m e  cons t an t  10 m s )  I ampl i f i ed ,  r e c t i f i e d ,  and smoothed i n  a low-pass 

f i l t e r  w i t h  a time cons t an t  of  3 m s .  

The e r r o r  i n  bow f o r c e  was n o r m a l l y  w e l l  be low 10% b u t  c o u l d  

occas iona l ly  r e a c h  h i g h e r  v a l u e s  d u r i n g  u n u s u a l  c o m b i n a t i o n s  o f  bow 

fo rce  and bow pos i t ion .  

D. Bow-bridge d i s t a n c e  

The bow-bridge d i s t a n c e  was measured i n  a t h i r d  Wheatstone br idge  

using t h e  same d e t e c t i o n  p r i n c i p l e  a s  f o r  t h e  bow p o s i t i o n  (see Fig. 

1). The s t r i n g  i t s e l f  was now used  as a r e s i s t a n c e  w i r e .  The bow w i r e  

div ided  t h e  s t r i n g  i n t o  two  " r e s i s t o r s " ,  w i t h  t h e  r e s i s t a n c e  r a t i o  o f  

t h e  s t r i n g  p a r t s  d e t e r m i n e d  by t h e  momentary c o n t a c t  p o i n t  o f  t h e  bow 

along t h e  s t r i n g .  The s t r i n g  " r e s i s t o r s "  were  used  i n  one  arm o f  t h e  

t h i r d  br idge ,  t h e  output  of  which r e f l e c t e d  t h e  bow-bridge d is tance .  The 

br idge  was f e d  by a s i n e  g e n e r a t o r  ( 1 0  kHz). The o u t p u t  was a m p l i f i e d ,  

r e c t i f i e d  and smoothed i n  a low-pass f i l t e r  w i t h  a t i m e  cons t an t  of  3 

m s .  

A c a l i b r a t i o n  of  t h e  bow-bridge d i s t a n c e  s i g n a l  a g a i n s t  measured 

d i s t a n c e  along the  s t r i n g  showed a l i n e a r  r e l a t i o n s h i p  wi th in  t h e  posi- 

t ion ing  a c c u r a c y  o f  t h e  bow w i r e  (+ - 0.5 m m )  w i t h  no  o b s e r v e d  depend- 

ence on bow posi t ion.  In playing,  an e r r o r  was introduced due t o  t h e  bow 

wire which not  could be assured  t o  always form a p e r f e c t  s t r a i g h t  l i n e  

p a r a l l e l  t o  t h e  bow ha i r .  This  e r r o r  was e s t ima ted  t o  approximately - + 1 

mm a t  a maximum. By t i g h t e n i n g  t h e  bow w i r e ,  t h i s  e r r o r  c o u l d  be  

reduced, b u t  t o o  h i g h  a t e n s i o n  would have a d e t r i m e n t a l  i n f l u e n c e  on 

t h e  playing p r o p e r t i e s  of t he  bow. 

The r e s o l u t i o n  i n  t h e  bow-bridge d i s t a n c e  on t h e  recorded c h a r t  was 

approximately 1 m m  s t r i n g  d i s t a n c e r  c o r r e s p o n d i n g  t o  a b o u t  2% o f  t h e  
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maximum range used. The va lues  f o r  t h e  bow-bridge d i s t a n c e  given i n  t he  

following r e f e r  t o  t h e  d i s t a n c e  from t h e  b r i d g e  t o  t h e  n e a r e s t  edge  o f  

t h e  bow ha i rs .  The width of  t he  bow h a i r  w a s  8 mm. 

E. Considerat ions on t h e  measurements of  t h e  bow-bridge d i s t a n c e  

The br idge  c i r c u i t s  f o r  t h e  bow p o s i t i o n  and t h e  bow-bridge d i s t -  

ance were i n s e p a r a b l y  c o n n e c t e d  by  t h e  c o n t a c t  p o i n t  be tween  bow and 

s t r i n g ,  and consequent ly t h e i r  s i g n a l s  were superimposed. Fur ther ,  t h i s  

common c o n t a c t  p o i n t ,  r e l a t i v e  t o  which  t h e  o u t p u t  s i g n a l s  f rom b o t h  

b r idges  n o r m a l l y  were t o  b e  measured ,  was n o t  a c c e s s i b l e  f o r  d i r e c t  

connection. These c i rcumstances  made a  modi f ica t ion  of  t h e  normal br idge  

c i r c u i t r y  necessary.  

( a )  The bow p o s i t i o n  b r i d g e  w a s  c o n n e c t e d  t o  a DC-voltage, and t h e  

b r idge  f o r  t h e  bow-bridge d i s t a n c e  was f e d  by a  s i n e  g e n e r a t o r ,  

i n  o rde r  t o  be a b l e  t o  s e p a r a t e  t h e  s i g n a l s  i n  t h e  outputs .  

( b )  The output  from t h e  br idge  c i r c u i t  f o r  t h e  bow-bridge d i s t a n c e  was 

measured v i a  a n  AC-coupled d i f f e r e n t i a l  a m p l i f i e r  w i t h  one  i n p u t  

connected t o  t h e  f r o g  e n d  o f  t h e  bow w i r e .  T h i s  c o n n e c t i o n  p o i n t  

s u b s t i t u t e d  t h e  inacces s ib l e  c o n t a c t  po in t  between bow and s t r i ng .  

( c )  The o u t p u t  f rom t h e  bow p o s i t i o n  b r i d g e  was measured r e l a t i v e  t o  

t h e  s t r i n g  t e r m i n a t i o n  a t  t h e  b r i d g e ,  wh ich  s e r v e d  as a n o t h e r  

s u b s t i t u t i o n  point.  The bow pos i t i on  s i g n a l  was separa ted  from t h e  

bow-bridge d i s t a n c e  s i g n a l  i n  a low p a s s  f i l t e r  ( t i m e  c o n s t a n t  6 

m s ) .  This  same f i l t e r  a l s o  smoothed t h e  bow p o s i t i o n  s igna l .  

The measu r ing  e r r o r s  i n t r o d u c e d  by  t h e s e  m o d i f i c a t i o n s  o f  t h e  

b r idge  connect i ons  were n e g l i g i b l e  ( <O. l%)  , due t o  high inpu t  impedances 

o f  t h e  low-pass f i l t e r  and d i f f e r e n t i a l  ampl i f i e r .  

A few p r a c t i c a l  problems were a s soc i a t ed  wi th  t h e  measurement o f  

t h e  bow-bridge d i s t a n c e .  One problem was  t h e  low r e s i s t a n c e  of  t h e  

s t r i n g s  which made o t h e r  varying s m a l l  r e s i s t a n c e s  i n  t h e  br idge  c i r c u i t  

d i s turb ing .  Another w a s  t h e  varying con tac t  r e s i s t a n c e  between t h e  bow 

wire and t h e  s t r i n g  , which introduced no i se  i n  t h e  s i g n a l s  f o r  t h e  bow- 

b r idge  d i s t a n c e  and t h e  bow posi t ion.  

The s t r i n g  r e s i s t a n c e  is d e t s r m i n e d  by t h e  c o m p o s i t i o n  o f  t h e  

s t r i n g .  The s t r i n g s  used i n  t h e  experiments  were made from a  nylon co re  

wrapped w i t h  s i l v e r  o r  aluminium.* The r e s i s t a n c e  of a  G-string ( s i l v e r  

wrapped) o f  t h i s  set w a s  approximately 3 ohm when mounted on t h e  v i o l i n .  

Th i s  w a s  approximately s i x  t i m e s  higher  than t h e  r e s i s t a n c e  of an al l -  

metal G - s t r i n g  (s tee l  w i r e  wrapped w i t h  c h r o m e - s t e e l )  f rom t h e  same 

- - - - 

*PRIM: "Synthetic core" 
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maker. Although t h e  r e s i s t a n c e  of a s y n t h e t i c  s t r i n g  t h u s  was consid- 

a b l y  higher  than of  a metal s t r i n g ,  t h e  r e s u l t i n g  low r e s i s t a n c e  of a l l  

four  s t r i n g s  i n  p a r a l l e l  would f ep resen t  a compl ica t ion  when monitoring 

playing on a n y  o f  t h e  s t r i n g s .  

The r e s i s t a n c e  o f  a s y n t h e t i c  s t r i n g  d e p e n d s  on t h e  t e n s i o n .  When 

t ens ion  is i n c r e a s e d  r e s i s t a n c e  i n c r e a s e s ,  mos t  p r o b a b l y  b e c a u s e  t h e  

t u r n s  i n  t h e  wrapping become s l i g h t l y  separated.  The r e s i s t a n c e  of t h e  

s y n t h e t i c  G-string increased  from 1 t o  3 ohm approximately,  when meas- 

ured unused as  compared t o  s t r u n g  up  on t h e  v i o l i n .  Consequen t ly ,  t h e  

bow-bridge d i s t a n c e  s i g n a l  had t o  b e  c a l i b r a t e d  e a c h  t i m e  t h e  s t r i n g  

w a s  tuned .  

A s  t h e  s t r i n g  e x h i b i t e d  a low r e s i s t a n c e ,  i t  was e s s e n t i a l  t h a t  

t h e  c o n t a c t  r e s i s t a n c e  i n  t h e  c a b l e  c o n n e c t i o n s  was c o n s t a n t .  I f  n o t ,  

t h e  e f f e c t i v e  supply vo l t age  over t h e  s t r i n g  would f l u c t u a t e  and hence 

a l s o  t h e  o u t p u t  s i g n a l .  The b e s t  c o n n e c t i o n s  were a c h i e v e d  u s i n g  a 

copper f o i l  w i t h  c o n d u c t i v e  adhes ive* .  The c a b l e s  were s o l d e r e d  t o  

p i e c e s  o f  f o i l ,  which  were wrapped a round  t h e  p a s s i v e  p a r t s  o f  t h e  

s t r i n g .  

Connections w i t h  d i f f e r e n t  t y p e s  o f  m i n i a t u r e  c l a m p s  were a l s o  

t r i e d  bu t  gave t o o  much v a r i a t i o n  i n  c o n t a c t  r e s i s t a n c e  when t h e  v i o l i n  

was moved d u r i n g  p l a y i n g .  Direct c o n n e c t i o n  t o  a s y n t h e t i c  s t r i n g  by 

so lder ing  is no t  poss ib l e  as t h e  c o r e  w i l l  break immediately. 

The cond i t i ons  of  t he  c o n t a c t  between s t r i n g  and bow wire demanded 

cont inuous  a t t e n t i o n .  A f t e r  some p l a y i n g ,  t h e  bow w i r e  and  s t r i n g  

accumulated r o s i n  which  g a v e  a poor  e l e c t r i c a l  c o n t a c t .  A modera t e  u s e  

of r o s i n  combined w i t h  a f requent  c leaning  of  t h e  s t r i n g s  and wire was 

necessary,  i n  o r d e r  t o  k e e p  t h e  n o i s e  i n  t h e  s i g n a l s  f o r  bow p o s i t i o n  

and bow-bridge d i s t a n c e  a t  acceptab ly  low l eve l s .  

The cond i t i ons  were improved s i g n i f i c a n t l y  by adding some s i l v e r  

powder t o  t h e  ros in .  The s i l v e r  s t u c k  t o  t h e  r o s i n  and made i t  p a r t i a l -  

l y  conducting wi thout  d e t r a c t i n g  from the  playing proper t ies .  A commer- 

c i a l l y  a v a i l a b l e  r o s i n  f ea tu r ing  metal  ingredients** was t r i e d ,  bu t  it 

w a s  found t o  c o n t a i n  t o o  l i t t l e  m e t a l  powder t o  improve  t h e  c o n t a c t  

cond i t i ons .  

Adding s i l v e r  powder,  i n  c o m b i n a t i o n  w i t h  smoo th ing  o f  t h e  bow 

p o s i t i o n  s i g n a l ,  w a s  a p r e r e q u i s i t e  f o r  ob ta in ing  a u se fu l  bow v e l o c i t y  

s i g n a l  by d i f f e r e n t i a t i o n  of  t h e  bow pos i t i on  s igna l .  

* 3 M :  "Copper f o i l  w i t h  conduct ive a c r y l i c  pressure  s e n s i t i v e  adhesive" 

1181. 
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F. Dynamic l e v e l  

The dynamic l e v e l  w a s  e s t i m a t e d  by measuring the  v i b r a t i o n  (accele-  

r a t i o n )  on t h e  t o p  p l a t e ,  c l o s e  t o  t h e  l e f t  b r i d g e  f o o t  ( b a s s  b a r  

s i d e ) .  The c o r r e s p o n d e n c e  be tween  s t r i n g  d i s p l a c e m e n t  and t o p  p l a t e  

a c c e l e r a t i o n  was checked  w i t h  t h e  a i d  o f  a n  o p t i c a l  s t r i n g  d e t e c t o r  on 

t h e  bridge. For a  g iven  p i t c h ,  t h e  d i f f e r e n c e  was i n  no case  more than 1 

dBI o v e r  a  span  o f  more t h a n  30 dB. The r e s o l u t i o n  i n  t h e  v i b r a t i o n  

l e v e l  on t h e  recorded c h a r t  w a s  approximately 0.5 dB. 

G. Recording 

The f i v e  s i g n a l s  represent ing  t h e  v i b r a t i o n  l e v e l  , bow force ,  bow- 

br idge  d i s t a n c e ,  bow p o s i t i o n  and bow v e l o c i t y r  were  r e c o r d e d  on t w o  

synchronized ink  j e t  p l o t t e r s ,  using a  paper speed of 25 mm/s .  

H. players '  comments 

A s  i n  t h e  p r e c e d i n g  s t u d y  ( A s k e n f e l t ,  1986), t h e  p l a y e r s  r e p o r t e d  

t h a t  t he  p repa ra t ions  of  t h e  bow and the  connect ions t o  t h e  bow and t h e  

v i o l i n  d i d  not  d i s t u r b  t h e i r  playing. 

111. Measurements and r e s u l t s  

In t h i s  s e c t i o n ,  measurements of  t he  bowing parameters  f o r  a  se lec-  

t i o n  o f  bowing p a t t e r n s  a r e  p r e s e n t e d .  The e x a m p l e s  i n c l u d e  s u s t a i n e d  

notes ,  s c a l e s r  crescendo-diminuendo, sforzando,  and s a l t e l l a t o * .  The 

r e s u l t s  a r e  d iscussed  i n  connection wi th  each example, w i th  focus on t h e  

use of  t h e  bow-bridge d i s t a n c e  and t h e  bow ve loc i ty .  The examples were 

c o l l e c t e d  from the  performances of two p ro fe s s iona l  v i o l i n i s t s .  

A. Sustained n o t e s  

1. Dynamic l e v e l  and bowing parameters 

Long n o t e s  were played detach& ("separated")  on t h e  open G-string 

i n  t h r e e  dynamic  l e v e l s :  f o r t e ,  mezzo f o r t e ,  p i a n o  (see Fig. 2). The 

d u r a t i o n s  o f  t h e  n o t e s  were  a p p r o x i m a t e l y  2 s ( w h o l e  n o t e s ) .  The 

v a l u e s  of t h e  bowing parameters  used by t h e  two p l a y e r s  a r e  d isp layed  

i n  Fig. 3a-3cl each ba r  represent ing  an average over approximately 10 s. 

The maximum and minimum v a l u e s  o b s e r v e d  d u r i n g  t h e  n o t e s  a r e  a l s o  

ind ica t ed  i n  t he  f igure.  The corresponding v i b r a t i o n  l e v e l s  a r e  g iven  

i n  Fig. 3d. 

* Measurements  o f  t r a n s v e r s e  bow mot ion  and bow f o r c e  f o r  a d d i t i o n a l  

bowing p a t t e r n s  can be found i n  Askenfelt  (1936). In  both s t u d i e s ,  t h e  

presented curves  a r e  t r a c i n g s  from t h e  recorded cha r t s .  
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( a )  The bow-bridge d i s t a n c e  was d e c r e a s e d  w i t h  r i s i n g  dynamic l e v e l ,  

from a p p r o x i m a t e l y  40 mm i n  p i a n o  to 20 m m  i n  f o r t e .  The v a r i a t i o n  

i n  t h e  bow-bridge d i s t a n c e  w a s  r a t h e r  l a r g e ,  abou t  10 mm f o r  one o f  

t h e  p l a y e r s ,  and 20 mm f o r  t h e  second. T h i s  second p l a y e r  i n c r e a s e d  

h i s  v a r i a t i o n  a t  s o f t e r  l e v e l s ,  w h i l e  t h e  o t h e r  d e c r e a s e d  t h e  

v a r i a t i o n .  

(b) The bow v e l o c i t y  w a s  h e l d  a b o u t  t h e  same f o r  a l l  t h r e e  d y n a m i c  

l e v e l s ,  b e t w e e n  0.2-0.3 m / s .  S u r p r i s i n g l y ,  o n e  o f  t h e  p l a y e r s  

i n c r e a s e d  t h e  bow v e l o c i t y  s l i g h t l y  w i t h  d e c r ~ a s i n g  dynamic l e v e l ,  

r each ing  t h e  h i g h e s t  v e l o c i t y  a t  p i a n o  l e v e l .  The v a r i a t i o n  i n  

v e l o c i t y  was a l s o  r a t h e r  l a r g e ,  e x c e e d i n g  0.1 m / s ,  b u t  t h e  s h i f t  

from o n e  e x t r e m e  t o  t h e  o t h e r  w a s  s l o w ,  l a s t i n g  s e v e r a l  s e c o n d s .  

T h i s  was i n  c o n f o r m i t y  w i t h  t h e  changes  i n  t h e  o t h e r  parameters .  

( c )  The bow f o r c e  w a s  i n c r e a s e d  c o n t i n u o u s l y  w i t h  t h e  dynamic l e v e l ,  

from a p p r o x i m a t e l y  0.5 N i n  p i a n o  t o  2 N i n  f o r t e .  The v a r i a t i o n  

i n  f o r c e  was r a t h e r  s m a l l ,  b u t  i n c r e a s e d  w i t h  dynamic l e v e l  up t o  

a p p r o x i ~ n a t e l y  0.5 N i n  f o r t e .  

( d )  The v i b r a t i o n  l e v e l  - The changes  i n  average  v i b r a t i o n  l e v e l  from 

f o r t e  t o  mezzo f o r t e  were a p p r o x i m a t e l y  5 a n d  6 dB f o r  t h e  t w o  

p l a y e r s  ( s e e  Fig .  3d) .  The c o r r e s p o n d i n g  c h a n g e s  b e  t w e e n  mezzo 

f o r t e  a n d  p i a n o  were 4 a n d  3 dB. T h i s  g a v e  a t o t a l  s p a n  o f  a b o u t  9 

dB between p iano  and f o r t e  f o r  e a c h  p layer .  One p l a y e r  was asked  t o  

repeat t h e  e x a m p l e s  o n  a s e c o n d  o c c a s i o n ,  a t  w h i c h  h e  w a s  i n -  

s t r u c t e d  t o  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 i v e n  d y n a m i c  m a r k i n g s .  

The o b s e r v e d  d i f f e r e n c e s  w e r e  s l i g h t l y  l a r g e r  i n  t h i s  l a t e r  ex-  

pe r iment ,  r e a c h i n g  a t o t a l  s p a n  o f  10 dB. 

The p r e d i c t e d  c o n t r i b u t i o n s  t o  t h e  changes  i n  dynamic l e v e l s  from 

t h e  bow-bridge d i s t a n c e  and bow v e l o c i t y ,  are inc luded  i n  Fig. 3d. These 

v a l u e s  i n d i c a t e  t h a t  t h e  bow-bridge d i s t a n c e  was t h e  main bowing param- 

eter f o r  changing t h e  dynamic l e v e l .  However, t h e  f i g u r e  a l s o  shows t h a t  

t h e  p l a y e r s  used two d i f f e r e n t  s t r a t e g i e s  t o  a c h i e v e  t h e  l e v e l  changes. 

Cne p l a y e r  (BO) r e d u c e d  t h e  bow v e l o c i t y  a n d  i n c r e a s e d  t h e  b o w - b r i d g e  

d i s t a n c e  a t  s o f t e r  dynamic l e v e l s .  The second p l a y e r  ( S L ) ,  on t h e  o t h e r  

hand, c o n t i n u o u s l y  i n c r e a s e d  t h e  bow v e l o c i t y ,  b u t  n e u t r a l i z e d  t h i s  

i n c r e a s e  w i t h  l a r g e r  s h i f t s  i n  t h e  bow-bridge d i s t a n c e .  

T h i s  l a t t e r  " r e v e r s e d "  u s e  o f  t h e  bow v e l o c i t y  i n  s e t t i n g  t h e  

dynamic l e v e l  may have a s i m p l e  exp lana t ion .  A s  t h e  p e r c e i v e d  l o u d n e s s  

depends  n o t  o n l y  on  t h e  v i b r a t i o n  l e v e l  b u t  a l s o  on  t h e  h a r m o n i c  con-  

t e n t ,  it is p o s s i b l e  t o  o b t a i n  a p e r c e p t u a l  d i f f e r e n c e  i n  dynamic l e v e l  
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by changing t h e  r e l a t i v e  s t r e n g t h  of the  higher  harmonics. A s  previous- 

l y  noted,  t h e  higher  harmonics a r e  a t t enua ted  both  by a reduct ion  i n  t h e  

bow fo rce  as wel l  a s  an inc rease  i n  t h e  bow-bridge d i s t a n c e r  whereas a 

decrease  i n  t h e  bow v e l o c i t y  reduces  mainly t h e  v i b r a t i o n  leve l .  

This  p a r t i c u l a r  p layer  seems t o  have made f u l l  use of t h e  dynamic 

changes induced  by  t h e  v a r i a t i o n  i n  t h e  ha rmon ic  c o n t e n t ,  u s i n g  b o t h  a 

s h o r t e r  bow-bridge d i s t a n c e  and a h i g h e r  bow f o r c e  i n  f o r t e  t h a n  t h e  

o t h e r  p l a y e r ,  c f .  Fig. 3a  and  3c. The c o m b i n a t i o n  o f  h i g h  f o r c e  and 

s h o r t  bow-bridge d i s t a n c e  r e q u i r e s  a s lower bow v e l o c i t y ,  which would 

exp la in  t h e  observed behavior. Terms commonly used t o  d e s c r i b e  t h e  tone 

q u a l i t y  a s soc i a t ed  wi th  such a combination of  bowing parameters  would be 

"p ro j ec t ing"  o r  " focus ing" .  

Fig. 3d s u g g e s t s  t h a t  t h e  measured  c h a n g e s  i n  v i b r a t i o n  l e v e l  

cannot be expla ined  e n t i r e l y  by the  changes i n  t h e  bow-bridge d i s t a n c e  

and the  bow v e l o c i t y ,  according t o  c l a s s i c  theory. Probably, t h e  d i s -  

c r epanc ie s  were  i n  p a r t  due  t o  t h e  f a c t  t h a t  t h e  p l o t t e d  q u a n t i t i e s  

represented  a v e r a g e s  o v e r  r o u g h l y  1 0  s t  and ,  i n  f a c t ,  n e v e r  o c c u r r e d  

simultaneously. Indeed  , t h e  v a r i a t i o n s  i n  t h e  bow-bridge d i s t a n c e  and  

t h e  bow v e l o c i t y  during the  n o t e s  were l a r g e  enough t o  cover t he  d i sc re -  

panc ies  between observed and predic ted  l eve l s .  

However, i t  is i n t e r e s t i n g  t o  n o t e  t h a t  i n  a l l  f o u r  cases t h e  

measured s h i f t s  i n  l e v e l s  were  l a r g e r  t h a n  t h e  p r e d i c t e d  changes .  

Fur ther ,  i t  can  b e  n o t e d  t h a t  t h e  l a r g e s t  d i s c r e p a n c y ,  r e a c h i n g  4 dB, 

w a s  found f o r  t h e  p l a y e r  who used t h e  l a r g e s t  c h a n g e s  i n  bow f o r c e .  A 

novel t h e o r e t i c a l  s tudy  by Bout i l lon  & Weinreich (19d7) put  forward t h e  

p o s s i b i l i t y  o f  an  i n f l u e n c e  o f  t h e  bow f o r c e  on t h e  a m p l i t u d e  o f  t h e  

s t r i n g  v i b r a t i o n s ,  wh ich  c o u l d  be  a p a r t  o f  t h e  e x p l a n a t i o n  o f  t h e  

observed d i f f e r e n c e s .  On t h e  o t h e r  hand,  e a r l i e r  e x p e r i m e n t s  w i t h  a 

bowing machine  ( M i i l l e r ,  1962)  i n d i c a t e d  t h a t  t h e  v i b r a t i o n  ampli tude 

was not  inf luenced by t h e  bow fo rce  over  a range i n  fo rce  of  14 dB*. 

The c o n t r a s t  between f o r t e  and piano may seem s u r p r i s i n g l y  small, 

b u t  is i n  a c c o r d a n c e  w i t h  e a r l i e r  s t u d i e s  ( C l a r k  & Luce, 1965) which  

f o r  t h e  v i o l i n  r epo r t ed  a t y p i c a l  d i f f e r e n c e  of  14 dB between f o r t i s s i m o  

and p ian iss imo appropr i a t e  f o r  " t y p i c a l  o r c h e s t r a  music".  C o n s i d e r i n g  

t h e  number of dynamic markings t o  be a t  l e a s t  s i x  ((ppp) ,  pp, pr mp, mf, 

f r  f f ,  ( f f f ) ) /  i t  is  n o t  u n r e a s o n a b l e  t o  e x p e c t  t h e  v i o l i n i s t s  i n  t h i s  

s tudy  a s  w e l l  t o  p e r f o r m  o v e r  a r a n g e  o f  a p p r o x i m a t e l y  1 5  dB be tween  

f o r t i s s i m o  and pianissimo. 

The maximum dynamic range of t h e  v i o l i n ,  measured as t h e  d i f f e r e n c e  

i n  l e v e l  between t h e  s o f t e s t  and loudes t  poss ib l e  playing,  was found t o  

be 37 d B  f o r  t h e  open G-string; however, wi thout  f u l l  cons ide ra t ion  t o  

* Bradley (1976) examined a sma l l e r  fo rce  range of  6 dB. H e  obtained a 

d i f f e r e n c e  i n  sound pressure  l e v e l  of  approximately 2 dB bu t  i n t e r p r e t e d  

h i s  r e s u l t  a s  s u p p o r t  f o r  t h e  t h e o r y  t h a t  t h e  v i b r a t i o n  l e v e l  is n o t  

inf luenced by  t h e  bow f o r c e .  
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t h e  t o n e  q u a l i t y  a t  t h e  u p p e r  l i m i t .  T h i s  r e s u l t  is i n  v e r y  close 

agreement w i t h  ea r l i e r  p r e d i c t i o n s  ( B r a d l e y ,  1 9 8 6 ;  Meyer ,  19781 p. 30). 

A r e d u c t i o n  o f  t h e  upper l e v e l  i n  o r d e r  to a c h i e v e  a m u s i c a l l y  accep t -  

able t o n e  q u a l i t y  r e s u l t s d  i n  a maximum s p a n  o f  3 1  dB, i n  c o n c o r d a n c e  

w i t h  measurements earlier r e p o r t e d  (Burghauser & Spe lda ,  1971). 

2. O b s e r v a t i o n s  on t h e  bowing t e c h n i q u e  

I n  s p i t e  o f  t h e  s i m p l e  n a t u r e  o f  t h i s  example,  s e v e r a l  i n t e r e s t i n g  

d e t a i l s  r e f l e c t i n g  t h e  bowing t e c h n i q u e  can  b e  observed.  Some o f  t h e  

d e t a i l s  were p a r t i c u l a r l y  clear i n  t h e  r e g i s t r a t i o n s  o f  one o f  t h e  play- 

ers, c f .  Fig .  2a  a n d  2b. 

( 1 )  The p l a y e r s  moved t h e  bow a w a y  f r o m  t h e  b r i d g e  i n  down-bows a n d  

approached t h e  b r i d g e  i n  up-bows. T h i s  m o t i o n  r e s u l t e d  i n  b o w - b r i d g e  

d i s t a n c e s  g e n e r a l l y  l o n g e r  a t  t h e  t i p  and s h o r t e r  c l o s e  t o  t h e  frog.  

According t o  t h e  p l a y e r s ,  t h i s  change i n  bow-bridge d i s t a n c e  d u r i n g  

t h e  bow s t r o k e s  was i n t e n t i o n a l  i n  o r d e r  t o  a v o i d  a s u l  p o n t i c e l l o -  

c o l o r i n g  i n  t h e  t o n e  q u a l i t y  when approaching t h e  t i p .  The e x p l a n a t i o n  

can p r o b a b l y  b e  a s s i g n e d  t o  t h e  c o n t i n u o u s  t r a d e o f f  i n  t h e  s u p p l y  o f  

t h e  bow f o r c e  from two d i f f e r e n t  s o u r c e s  d u r i n g  t h e  bow s t r o k e  (Trende- 

l e n b u r j ,  19251 pp. 711 951 2633.  A t  bow p o s i t i o n s  close t o  t h e  f r o g ,  a 

s u b s t a n t i a l  p o r t i o n  o f  t h e  n e c e s s a r y  bow f o r c e  is s u p p l i e d  by t h e  we igh t  

o f  t h e  bow. T h i s  f o r c e  must be  s u c c e s s i v e l y  r e p l a c e d  by a down-bearing 

f o r c e  f r o m  t h e  p l a y e r ' s  i n d e x - f  i n g e r  on  t h e  bow s t i c k  d u r i n g  t h e  down 

bow. The p r e s s i n g  o f  t h e  bow a g a i n s t  t h e  s t r i n g  when approaching t h e  t i p  

seems t o  g i v e  a d e t e r i o r a t i o n  i n  t o n e  q u a l i t y * ,  u n l e s s  compensated f o r  

by an  i n c r e a s e  i n  t h e  bow-bridge d i s t a n c e .  

T h i s  c h a n g e  i n  b o w - b r i d g e  d i s t a n c e  d u r i n g  t h e  bow s t r o k e s  

( "crooked" "s lan ted"  bowing) which was observed f o r  b o t h  s u b j e c t s t  is 

a t  v a r i a n c e  w i t h  e s t a b l i s h e d  o l d  v i o l i n  methodsk* ( F l e s c h t  1929, Band I, 

pp. 40 ,  6 3 ;  F l e s c h t  1 9 3 1 ,  p. 6; Hodgson, 1 9 3 4 ,  p. 1 7 ;  Kross, 1 9 0 4 ;  

Kuchler,  1 9 2 9 )  b u t  recommended b y  a modern a u t h o r i t y  f o r  l o n g  n o t e s  

such  a s  i n  t h i s  e x a m p l e  ( G a l a m i a n ,  1 9 6 2 ,  p. 61) .  

I r r e s p e c t i v e  o f  t h e  r e c o m m e n d a t i o n s  o f  t h e  v i o l i n  s c h o o l s t  t h e  

motion s u ~ g e s t s  i t s e l f  d u r i n g  a f u l l  bow s t r o k e ,  because  o f  t h e  a n g u l a r  

motion o f  t h e  p l a y e r ' s  arm. However ,  t h e  less a d v a n c e d  p l a y e r  o f t e n  

f i n d s  it d i f f i c u l t  t o  keep t h e  s l a n t e d  bow motion w i t h i n  l i m i t s .  

* L. Fryd6nl p e r s o n a l  communication (conservatory of the Swedish Radio) .  

**Trendelenburg ( 1 9 2 5 ) ,  pp. 32-24, 256 ,  d i s c u s s i n g  t h e  d i f f e r e n c e  be- 

tween t h e  artist's and t h e  beginner ' s  use  o f  t h e  s l a n t e d  bow. 
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( 2 )  The bow s t r o k e s  were t e r m i n a t e d  by a s l i g h t  i n c r e a s e  i n  bow v e l o c i -  

t y ,  p r e c e d i n g  t h e  s h i f t s  o f  bowing  d i r e c t i o n  ("bow c h a n g e s " ) .  T h i s  

i n c r e a s e  i n  v e l o c i t y  w a s  r e f l e c t e d  a s  a p e a k  i n  t h e  v i b r a t i o n  l e v e l  

preceding t h e  d i p  i n  l e v e l  c a u s e d  b y  t h e  bow change .  P o s s i b l y ,  t h i s  

p lay ing  manner be longs  t o  t h e  d e t a c h 6  c h a r a c t e r  o f  t h e  performed n o t e s t  

emphasizing t h e  b o u n d a r i e s  between t h e  no tes .  The p a t t e r n  was observed 

t o  be  more pronounced w i t h  i n c r e a s i n g  dynamic l e v e l .  

( 3 )  D u r i n g  t h e  bow c h a n g e  a t  t h e  f r o 3 ,  t h e  p l a y e r s  made a t e m p o r a r y  1 
s h i f t  i n  t h e  bow-bridge d i s t a n c e .  J u s t  b e f o r e  t h e  bow change,  t h e  bow- 

b r i d g e  d i s t a n c e  was i n c r e a s e d  and a f t e r w a r d s  t h e  bow was r e t u r n e d  t o  its 

i n i t i a l  bow-br i d g e  d i s t a n c e .  I t  w a s  o b s e r v e d  t h a t  t h i s  bowing  g e s t u r e  

was accomplished by a c i r c u l a r  c l o c k w i s e  motion o f  t h e  f i n g e r s  dur ing  

t h e  bow change. 

T h i s  mot ion is a p a r t  o f  t h e  p r o c e s s  o f  c o n t r o l l i n g  t h e  bow-bridge 

d i s t a n c e  d u r i n g  t h e  u p b o w  and making a non-dis turbing bow change (Tren- 

de lenburg ,  1 9 2 5 ,  pp. 45-58, 99-102; K i i c h l e r ,  1 9 2 9 ,  p. 28;  F l e s c h ,  1 9 2 9 ,  

Band I, pp. 41-43; G a l a m i a n ,  1 9 6 2 ,  pp. 48. 8 6 ) .  W i t h  t h e  bow a t  t h e  t i p  

a t  t h e  beginning o f  a n  u p b o w ,  t h e  hand and arm are t i l t e d  somewhat i n  

t h e  bowing  d i r e c t i o n ,  w h i l e  t h e  w r i s t  is h e l d  e s s e n t i a l l y  s t r a i g h t .  

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

t h e  bow s t r o k e ,  t h e  d i r e c t i o n  o f  t h e  bow would  n o t  f o l l o w  a l i n e  i n  

p a r a l l e l  w i t h  t h e  b r i d g e ,  u n l e s s  compensated for .  T h i s  compensat ion is 

ach ieved  i n  p a r t  by t w i s t i n g  t h e  w r i s t  o u t w a r d s  l a t e r a l l y  as t h e  f r o g  is 

approached. When t h e  f r o g  is reached ,  t h e  hand may form an  a n g l e  o f  30- 

40° w i t h  t h e  forearm. 

S h o r t l y  b e f o r e  t h e  bow change,  t h e  v e l o c i t y  o f  t h e  fo r sa rm and hand 

is r e d u c e d  a n d  e v e n t u a l l y  b r o u g h t  t o  a s t o p ,  w h i l e  t h e  f i n g e r s  e x t e n d  

t h e  u p b o w  motion t h e  v e r y  l a s t  d i s t a n c e  ("f inger-s t roke") .  T h i s  motion 

is accomplished by s t r a i g h t e n i n g  t h e  f i n g e r s  from t h e i r  normal  s l i g h t l y  

b e n t  p o s i t i o n .  Due t o  t h e  s t r a i g h t e n i n g  o f  t h e  f i n g e r s ,  t h e  f r o g  makes 

a c i r c u l a r  m o t i o n  w h i c h  is r e f l e c t e d  a s  a n  i n c r e a s e  i n  t h e  b o w - b r i d g e  

d i s t a n c e .  The arm s t a r t s  t h e  m o t i o n  i n  t h e  f o l l o w i n g  down-bow, w h i c h  

b r i n g s  t h e  bow-bridge d i s t a n c e  back t o  its i n i t i a l  v a l u e  and success ive -  

l y  a l s o  resets t h e  f i n g e r  p o s i t i o n .  

A t  t h e  t i p ,  a d i f f e r e n t  t e c h n i q u e  is u s e d  f o r  t h e  bow c h a n g e ,  

which is n o t  r e f l e c t e d  as a change i n  t h e  bow-bridge d i s t a n c e .  

( 4 )  I t  may seem t h a t  t h e  p l a y e r  i n  Fig.  2b ( S L )  d i s p o s e d  a p o t e n t i a l  

i n c r e a s e  i n  t h e  bow v e l o c i t y  i n  f o r t e  as h e  d i d  n o t  u s e  t h e  e n t i r e  bow 

l e n g t h ,  b u t  avoided a p p r o x i m a t e l y  t h e  upper f i f t h  o f  t h e  bow. Probably ,  

t h e  e a r l y  bow change w a s  made i n  o r d e r  t o  avo id  t h e  uncomfor tab le  and 

even d i f f i c u l t  s i t u a t i o n  o f  supplying a h i g h  bow f o r c e  close to t h e  t i p  
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(Galamian, 1962,  p. 57;  T r e n d e l e n b u r g ,  1925,  p. 95 ;  F r y d h  , pers.com.). 

Also, as  d i s c u s s e d  i n  c o n n e c t i o n  w i t h  Fig. 3d1 t h i s  p l a y e r  r e l i e d  

on a  s h o r t  bow-bridge d i s t a n c e  and high bow f o r c e  i n  producing t h e  f o r t e  

and could,  presumably, no t  make use of  a l a r g e  inc rease  i n  bow v e l o c i t y  

and correspondingly longer  bow s t rokes .  Consequentlyl t h e  shortened 

bow s t r o k e  probably d i d  n o t  r ep re sen t  a  l a r g e  s a c r i f i c e  i n  bow v e l o c i t y  

i n  o rde r  t o  "save bow" f o r  t h e  e n t i r e  du ra t ion  of t h e  notes. 

( 5 )  One o f  t h e  p l a y e r s  (SL) i n c r e a s e d  t h e  bow f o r c e  a t  bow p o s i t i o n s  

c l o s e  t o  t h e  frog and decreased t h e  fo rce  towards t h e  t i p  (see Fig. 2b). 

This  p a t t e r n  i n  t h e  f o r c e  v a r i a t i o n  is s u p p o r t e d  by t h e  bow i t s e l f  

(Trendelenburg, 1925,  p. 263).  The bow a c t s  a s  a  l e v e r  which  p i v o t s  

around a n  a x i s  r o u g h l y  t h r o u g h  t h e  thumb and  t h e  m i d d l e  f i n g e r .  T h i s  

means t h a t  g r a v i t y  c o n t r i b u t e s  a  cons iderable  amount t o  t h e  bow fo rce  i n  

bow p o s i t i o n s  c l o s e  t o  t h e  f r o g  and much less c l o s e  t o  t h e  t i p .  For a 

normal v i o l i n  bow, t h i s  d i f f e r e n c e  could be e s t ima ted  as approximately 

3  N I  p r o v i d e d  t h a t  t h e  p a t h  o f  t h e  bow is a p p r o x i m a t e l y  h o r i z o n t a l  as  

when p l a y i n g  on t h e  G-s t r ing .  T h i s  c o n t r i b u t i o n  t o  t h e  f o r c e  must  b e  

cont inuous ly  compensated f o r  i f  t h e  p layer  wants t o  maintain a  cons t an t  

bow f o r c e  d u r i n g  t h e  bow s t r o k e  ( F l e s c h ,  1929,  Band I ,  p. 37;  Galamian ,  

1962, p. 57; Kiichler ,  1929,  p. 27; T r e n d e l e n b u r g ,  1925,  p. 263). The 

compensation is achieved by balancing t h e  bow w i t h  t h e  index and l i t t l e  

f i n g e r s  on t o p  o f  t h e  bow s t i c k  on b o t h  s i d e s  o f  t h e  p i v o t  p o i n t .  An 

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

f o r c e  is s e e n  i n  Fig. 2a. 

3. Dependence of note  d u r a t i o n s  

Addit ional  d a t a  on t h e  u s e  o f  t h e  bowing p a r a m e t e r s  f o r  s u s t a i n e d  

n o t e s  i n  d i f f e r e n t  dynamic l e v e l s  were c o l l e c t e d  by l e t t i n g  one p layer  

inc lude  h a l f  and  q u a r t e r  n o t e s  i n  h i s  examples .  The tempo was k e p t  t h e  

same as  f o r  t h e  whole  n o t e s ,  r e s u l t i n g  i n  a  s u c c e s s i o n  o f  d u r a t i o n s  

c l o s e  t o  2, 1, and 0.5 s. The r e s u l t s  a r e  summar ized  i n  Fig. 4a-4dt 

which shows t h e  r e l a t i o n s  be tween t h e  bowing p a r a m e t e r s  u sed  f o r  t h e  

d i f f e r e n t  n o t e  v a l u e s  and  v i b r a t i o n  l e v e l s .  The p l o t t e d  v a l u e s  a r e  

averages  o v e r  t h e  d u r a t i o n  o f  one  n o t e ,  t y p i c a l  f o r  t h e  g r o u p  o f  n o t e  

v a l u e s  it represents .  

(a)  The bow-bridge d i s t a n c e  was decreased wi th  increas ing  dynamic l e v e l  

f o r  a l l  n o t e  v a l u e s .  F u r t h e r ,  t h e  bow-bridge d i s t a n c e  was v a r i e d  

more be tween  t h e  dynamic  l e v e l s  i n  t h e  l o n g e r  n o t e  v a l u e s ,  ap- 

proaching a  t r e n d  f o r  t h e  whole  n o t e s  o f  a  h a l v i n g  o f  t h e  bow- 

b r idge  d i s t a n c e  f o r  each doubling of  t h e  v i b r a t i o n  l e v e l  (cf. t he  

l i n e  x 0.5/+6 dB). T h i s  dependence  s u g g e s t s  t h a t  t h e  v i b r a t i o n  

l e v e l s  f o r  t h e  whole n o t e s  w e r e  set  a l m o s t  e n t i r e l y  by t h e  b o w -  

br idge  d i s t a n c e .  I n  g e n e r a l ,  t h e  bow-bridge d i s t a n c e  was k e p t  



STL-QPSR 1/1988 

VIBRATION 

LEVEL 

Fig. 4. Values of the bowing parameters for one player performing whole, half, and 

quarter notes at three dynamic levels (piano, mezzo forte, forte). Values 

obtained from the other player (SL, whole notes only) are included as a com- 

parison (squares). The data points (notes) represent the average over one 

note, typical for the group of notes it represents. The horizontal and 
vertical bar lines give an indication of the variation between the extreme 

values within a group of notes. The variations were in no case larger than 1 
indicated by the thin lines, nor smaller than the broad lines*. 
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a. Bow-bridge distance. The distance is alternatively given as a fraction 1 
of the string length (x / L ) .  The dotted area (tasto) marks the position of ' 

the finger-board. The Eroken line marked ( x $ / + 6  dB) represents an inverse 

proportionality between bow-bridge distance and vibration level. 
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b. Bow velocity. 

c. Bow stroke, the length of the bow portion used for a note. The values 
are alternatively given as a percentage of the full length of the bow hair 

(580 mm) . 

-9 -6 -3  0 t 3  dB 

VIBRATION 

LEVEL 

A 

-100 

0 

c )  

- 80 
0 .  . , 

' , 0  

I 
/ 

- 60 .lo/ 

J - - - - - - J - - - '  
- LO 

/ .  - - 2 0  J , - 

, , , , ,  

/ 
/ / J-  - J -  

/ 

I , , , ,  I , ,  1 



- 17 - 
FORCE 

I I 
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VIBRATION 

LEVEL 

FORCE ,Ow t 
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d. Bow force. The broken line marked (x3/+6 dB) represents a threefold in- 

crease in bow force for each doubling in vibration level. 

e .  Relations between the bow forces and t e corresponding bow velocities and 9 
bow-bridge distances expressed as vB(L/xB) . The broken line represents the 
trend for minimum bow force predicted by classic theory. The line does not in- 

dicate the absolut value of the minimum bow force; the vertical position in 
the figure is arbitrary. 

f. Relations between the vibration levels and the corresponding bow velocities 
and bow-bridge distances expressed as v (L/x ) .  The broken line represents the 

B 
trend for increase in vibration level as preiicted by classic theory. The line 
does not indicate the absolute value of the predicted vibration level; the 

horizontal position in the figure is arbitrary. 

* See footnote Fig. 3. 
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r e s p e c t  t o  t h e  l o w e r  l i m i t  i n  bow f o r c e  t h r o u g h o u t  t h e  dynamic  

range. The s a f e t y  f a c t o r  was made a l i t t l e  l a r g e r  f o r  t h e  whole  

notes ,  p o s s i b l y  b e c a u s e  t h e y  were  p l a y e d  w i t h  s h o r t e r  bow-bridge 

d i s t a n c e  and lower bow v e l o c i t y  than t h e  o t h e r  notes. A s h o r t  bow- 

br idge  d i s t a n c e  and a low v e l o c i t y  is a  combination which is sens i -  

t i v e  t o  s m a l l  a c c i d e n t a l  changes i n  any of  t h e  bowing parameters.  

The v i b r a t i o n  l e v e l  is p r e d i c t e d  by  t h e o r y  t o  be  p r o p o r t i o n a l  t o  

t h e  r a t i o  vBm(~ /xB) .  The measured changes i n  l e v e l s  fol lowed t h i s  pre- 

d i c t i o n  f a i r l y  w e l l ,  when no t  d i sc r imina t ing  between t h e  d a t a  p o i n t s  f o r  

t h e  d i f f e r e n t  n o t e  v a l u e s  (see Fig. 4 f ) .  P o s s i b l y ,  a  t e n d e n c y  f o r  a 

s t e e p e r  i nc rease  could be observed f o r  t h e  whole and ha l f  no te s ,  which 

might s q g e s t  a  dependence on t h e  bow fo rce  a s  e a r l i e r  discussed. 

Curiously, a given  dynamic l e v e l  was performed louder  t h e  s h o r t e r  

t h e  du ra t ion ,  w i th  one exception. A s  an average, t h e  l e v e l  increased  2  

dB f o r  e a c h  h a l v i n g  i n  d u r a t i o n .  No s a t i s f a c t o r y  e x p l a n a t i o n  c o u l d  be  

g iven  t o  t h i s  observat ion.  

4. Tradeoff between bow-bridge d i s t a n c e  and bow v e l o c i t y  

The above examinat ion of  t h e  use of t h e  bowing parameters  sugges t s  

t h a t  s e v e r a l  f a c t o r s  de te rmine  t h e  t r adeo f f  between the  bow-bridge d i s t -  

ance and t h e  bow v e l o c i t y  i n  s e t t i n g  t h e  dynamic l e v e l  f o r  t h e  sus t a ined  

notes.  Examples o f  s u c h  f a c t o r s  a r e  s p e c t r a l  s l o p e  and a c c e s s i b l e  bow 

length .  

A r e a s o n  f o r  u s i n g  m a i n l y  t h e  bow-bridge d i s t a n c e  t o  change  t h e  

dynamic l e v e l  could be t h a t  it g i v e s  a  more uniform q u a l i t y  t o  a  series 

of  n o t e s  i n  chang ing  dynamics ,  i n c l u d i n g  t h e  a n t i c i p a t e d  "no rma l "  in-  

c r e a s e  i n  harmonic content  w i th  r i s i n g  l eve l .  Large changes i n  t h e  bow 

v e l o c i t y  w i l l  a l s o  g i v e  t h e  bow changes ve ry  d i f f e r e n t  c h a r a c t e r i s t i c s .  

Fur ther ,  a  high bow v e l o c i t y  soon becomes uncomfortable t o  t h e  p layer ,  

who consequent ly might p r e f e r  t o  use a s h o r t e r  bow-bridge d is tance .  

Another f a c t o r  determining t h e  t radeof  f  between bow-br idge d i s t a n c e  

and bow v e l o c i t y  is t h e  d e f l e c t i o n  of t h e  s t r i n g .  A higher  bow v e l o c i t y  

r e q u i r e s  a  h i g h e r  bow f o r c e ,  which  p r e s s e s  t h e  s t r i n g  downwards. When 

playing f a r  from t h e  br idge ,  t h e  d e f l e c t i o n  of t h e  s t r i n g  becomes con- 

s i d e r a b l e ,  which causes  t h e  bow t o  touch t h e  ad j acen t  s t r i n g s  a l r eady  a t  

a  moderate dynamic leve l .  For t h i s  reason,  t h e  bow has t o  approach t h e  

b r idge  i n  fo r t e .  I f  t h e  p layer  tries t o  avoid t h e  l a r g e  d e f l e c t i o n  and 

i n c r e a s e s  t h e  bow v e l o c i t y  w i t h o u t  i n c r e a s i n g  t h e  bow f o r c e ,  t h e  ton?  

develops a  q u a l i t y  e n t i r e l y  d i f f e r e n t  f rom norma l  ( f l a u t a t o ,  " f l u t e -  

l i k e " )  ( 'Trendelenburg  , 1925,  p. 24). 

In  summary, f o r  t h e  s u s t a i n e d  n o t e s ,  t h e  bow-bridge d i s t a n c e  was  

found t o  b e  t h e  mos t  i m p o r t a n t  p a r a m e t e r  f o r  chang ing  t h e  dynamic  

l e v e l  , i n  preference  t o  bow ve loc i ty .  Examples of f a c t o r s  determining 

t h e  t r adeo f f  between bow-bridge d i s t a n c e  and bow v e l o c i t y  were spectral 
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towards t h e  t i p  i n  t h e  d iminuendo  ( F l e s c h ,  1929,  Band I ,  p. 70: Trende-  

l e n b u r j ,  1925,  p. 263). T h i s  is d u e  t o  t h e  l e v e r a g e  o f  t h e  bow, 

pivoted i n  t h e  f i n g e r  g r i p .  A f u r t h e r  i m p l i c a t i o n  o f  t h e  l e v e r a g e  is 

t h a t  t h e  a c c e s s i b l e  bow f o r c e ,  m a i n l y  s u p p l i e d  by t h e  p l a y e r ' s  i ndex  

f i n g e r  on t h e  bow s t i c k ,  is much h i g h e r  c l o s e  t o  t h e  f r o g  t h a n  a t  t h e  

t i p .  

The up-bow crescendo was s t a r t e d  w i t h  t h e  bow about 35 mm from t h e  

br idge ,  t h e  d i s t a n c e  of which was roughly halved during t h e  bow stroke.  

In  cornbinat ion  w i t h  an accompanying t h r e e f o l d  inc rease  i n  bow v e l o c i t y  

up t o  0.3 m / s t  a s p a n  i n  v i b r a t i o n  l e v e l  o f  a p p r o x i m a t e l y  20 dB was 

achieved. In t h e  diminuendo, t h e  bow-bridge d i s t a n c e  t h e  bow v e l o c i t y ,  

and t h e  bow f o r c e  were r e v e r t e d  t o  t h e i r  i n i t i a l  v a l u e s .  The p l a y e r  

coord ina ted  t h e  bow f o r c e  w i t h  t h e  c h a n g e s  i n  bow-bridge d i s t a n c e  and  

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

br idge ,  reaching approximately 2.5 N a t  a maximum. 

F ig .  5 .  Crescendo-diminuendo played upbow - downbow ( l e f t ) ,  and downbow - 
and upbow ( r i g h t ) .  The p a r t s  i n  t h e  curve f o r  t h e  v i b r a t i o n  l e v e l  in -  
d i c a t e d  wlth broken l i n e s  r ep re sen t  segments during which it i s  uncer- 
t a i n  i f  t h e  p l aye r  maintained t h e  s t r i n g  v i b r a t i o n s  proper ly .  

In  t h e  r e v e r s e d  v e r s i o n  s t a r t i n g  w i t h  a down-bow, t h e  c h a n g e s  i n  

bow-bridge d i s t a n c e  and  bow v e l o c i t y  were more pronounced ,  which re- 

s u l t e d  i n  a s l i g h t l y  l a r g e r  dynamic span of 25 dB. The changes i n  bow- 

br idge  d i s t a n c e  and  bow v e l o c i t y  would c o n t r i b u t e  13 dB and 1 2  dB t o  
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t h i s  s h i f t ,  r e spec t ive ly .  

I n t e r e s t i n g l y ,  i n  t h e  second v e r s i o n  t h e  p o i n t  o f  minimum bow- 

br idge  d i s t a n c e  ( a b o u t  4 m m )  l and a v e r y  h i g h  v i b r a t i o n  l e v e l ,  w a s  

reached s h o r t l y  b e f o r e  t h e  bow change. However I t h i s  s h o r t  bow-bridge 

d i s t a n c e  was not  maintained bu t  immediately increased ,  r e s u l t i n g  i n  a 

bow-bridge d i s t a n c e  o f  a b o u t  1 5  m m  a t  t h e  a c t u a l  bow change.  P o s s i b l y ,  

t h e  p layer  had aimed a t  a cont inued s h o r t  bow-bridge d i s t a n c e  a t  t h e  

bow change b u t  perceived a beginning poor c o n t r o l  over t h e  s t r i n g  v ibra-  

t ions.  For t h i s  r e a s o n ,  t h e  bow-bridge d i s t a n c e  was i n c r e a s e d  w h i l e  a 

high bow f o r c e  was m a i n t a i n e d ,  i n  o r d e r  t o  r e g a i n  a s a f e t y  margin.  The 

assumption t h a t  t h e  bow p a r t i a l l y  l o s t  c o n t r o l  o v e r  t h e  s t r i n g  is sup- 

por ted  by t h e  f a c t  t h a t  t h e  v i b r a t i o n  l e v e l  o n l y  changed  m a r g i n a l l y  

during t h e  l a s t  1 0  m m  o f  d e c r e a s e  and  i n c r e a s e  i n  t h e  bow-bridge d i s -  

tance  before  t h e  bow change, a l though t h e  bow v e l o c i t y  w a s  e s s e n t i a l l y  

cons t an t  o r  even  i n c r e a s e d  s l i g h t l y .  A f t e r  t h e  bow change ,  t h e  p l a y e r  

could  n o t  r e e s t a b l i s h  t h e  same h i g h  v i b r a t i o n  l e v e l ,  b u t  s t a y e d  a t  

approximately t h e  same l e v e l  as i n  t h e  preceding version.  

An 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  o f  t h e  c o u r s e  o f  e v e n t s  b e f o r e  t h e  

bow change  c o u l d  b e  t h a t  t h e  p l a y e r  n e v e r  a imed  a t  t h e  e x t r e m e  s h o r t  

bow-bridqe d is tance .  When forced t o  supply a high bow fo rce  a t  a posi- 

t i o n  c l o s e  t o  t h e  t i p ,  a t o o  s h o r t  bow-bridge d i s t a n c e  was r e a c h e d  

a c c i d e n t a l l y  and immediately corrected.  

In  summary, f o r  t h e  crescendi-diminuendi,  t h e  c o n t r i b u t i o n s  t o  t h e  

span i n  dynamic l e v e l  from bow-bridge d i s t a n c e  and bow v e l o c i t y  were o f  

t h e  same magni tude .  A l a r g e  t o t a l  dynamic  span  o f  a b o u t  25 dB w a s  

reached . 

D. Sforzando 

Repeated h a l f - n o t e s  marked s f o r z a n d o  ( " f o r c e d "  , " s t r e s s e d " )  were  

played ( see  Fig. 6). The s t rong  i n i t i a l  a t t a c k  was obta ined  by using a 

high bow v e l o c i t y ,  r e a c h i n g  a b o u t  1.4 m / s ,  combined w i t h  a s h o r t  bow- 

b r idge  d i s t a n c e  o f  approximately 10 mm. The rate of i nc rease  i n  dyna- 

mic l e v e l  was high, approximately 100 dB/s a t  maximum. 

After  t h e  a t t a c k ,  t h e  v e l o c i t y  was slowed down t o  0.1 m / s  and t h e  

bow-bridge d i s t a n c e  i n c r e a s e d  t o  20 mm. These c h a n g e s  i n  t h e  bowing 

parameters  would c o r r e s p o n d  t o  a d i f f e r e n c e  i n  l e v e l  o f  29 dB be tween  

t h e  a t t a c k  and t h e  fol lowing sus t a ined  por t ion  of t h e  note. The change 

i n  bow v e l o c i t y  would c o n t r i b u t e  approximately 23 dB, and t h e  change i n  
I 

bow-bridge d i s t a n c e  should add t h e  remaining 6 dB. The observed span i n  

dynamic l e v e l  w a s  i n  reasonable agreement w i t h  t h e  predic ted  values.  

The decrease  i n  bow-bridge d i s t a n c e  was coordinated wi th  t h e  in- 

crease i n  bow v e l o c i t y  d u r i n g  t h e  a t t a c k ,  more s u c c e s s f u l l y  s o  d u r i n g  

t h e  f i r s t  a t t a c k  i n  t he  down-stroke, i n  which the  minimum bow-bridge 

d i s t a n c e  c o i n c i d e s  w i t h  t h e  maximum i n  bow v e l o c i t y .  I n  t h e  second  

a t t a c k ,  t h e  minimum bow-bridge d i s t a n c e  was reached a l i t t l e  too  late, 
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The most d i s t u r b i n g  l i m i t a t i o n  o f  t h e  method is t h e  r e l a t i v e l y  h i g h  

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

bow-bridge d i s t a n c e ,  e s p e c i a l l y  i n  connec t ion  w i t h  low bow forces .  T h i s  

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

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

was d u e  t o  t h e  v a r y i n g  c o n t a c t  r e s i s t a n c e  b e t w e e n  t h e  w i r e  i n  t h e  bow 

h a i r  and s t r i n g ,  and t h u s  i n t i m a t e l y  connected w i t h  t h e  d e t e c t i o n  p r in -  

c i p l e .  

A s  a n  a l t e r n a t i v e  t o  electrical bow p o s i t i o n  d e t e c t i o n ,  an  o p t i c a l  

posi t ion-measur ing method  c o u l d  b e  c o n s i d e r e d .  One i d e a  would  b e  t o  

d i r e c t  a p u l s e - m o d u l a t e d  laser  beam f r o m  a n  o p t i c a l  f i b e r  a l o n g  t h e  

s u r f a c e  o f  t h e  bow h a i r ,  t h e  beam being r e f l e c t e d  a g a i n s t  t h e  s t r i n g  and 

r e c e i v e d  b y  a d e t e c t o r  a t  t h e  f r q .  However, it is d o u b t f u l  whether  t h e  

r a t h e r  t h i n  s t r i n g  c o u l d  s e r v e  as a reliable r e f l e c t i o n  po in t .  Besides ,  

t h e  s t r i n g  v i b r a t i o n s  would  p r o b a b l y  s p r e a d  t h e  r e f l e c t e d  beam o v e r  a 

l a r g e  a n g l e ,  w h i c h  would  make t h e  d e t e c t i o n  o f  t h e  r e f l e c t e d  s i g n a l  

u n c e r t a i n .  Also, t h e  t i l t i n g  o f  t h e  bow earlier d e s c r i b e d ,  would impose 

a n o t h e r  d i f f i c u l t y  f o r  t h e  method.  However ,  i f  b r o u g h t  t o  p r a c t i c a l  

use ,  t h e  same method  c o u l d  be a p p l i e d  f o r  m e a s u r i n g  t h e  b o w - b r i d g e  

d i s t a n c e .  

Another a1 t e r n a t i v e  would be  t o  use  a commerc ia l ly  a v a i l a b l e  posi -  

t i o n  measuring system*. T h i s  sys tem f e a t u r e s  one o r  s e v e r a l  cameras 

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

l i g h t  s o u r c e s  mounted  o n  t h e  moving p a r t s .  W i t h  t w o  cameras a n d  a 

l i g h t - e m i t t i n g  d i o d e  on  t h e  bow p l u s  o n e  o n  t h e  b r i d g e  as r e f e r e n c e ,  it 

would p robab ly  b e  p o s s i b l e  t o  measure t h e  bow p o s i t i o n r  t h e  bow v e l o c i -  

t y ,  and t h e  bow-bridge d i s t a n c e .  However, t h e  p l a y e r  would p robab ly  be 

c o n s t r a i n e d  t o  v e r y  s m a l l  movements o f  t h e  ins t rument .  Also, t h e  c o s t  

o f  p rocur ing  t h e  equipment  would be v e r y  high. 

Another p o i n t  w h i c h  m i g h t  n e e d  some f u r t h e r  a t t e n t i o n  is t h e  bow 

f o r c e  measurement. The bow f o r c e  c o u l d  be measured e i t h e r  on t h e  bow o r  

on t h e  v i o l i n .  The p r e s e n t  method, us ing s t r a i n  gauges  on t h e  bow, h a s  

s e v e r a l  l i m i t a t i o n s .  A s  d i s c u s s e d  i n  A s k e n f e l t  ( 1 9 8 6 ) ,  t h e  bow h a i r  

t e n s i o n  i n f l u e n c e s  t h e  c a l i b r a t i o n ,  t h e  l o n g  i t u d i n a l  f r i c t i o n a l  f o r c e  

between bow a n d  s t r i n g  i n t r o d u c e s  a small m e a s u r e m e n t  e r r o r ,  a n d  t h e  

f o r c e  s e n s i t i v i t y  t e n d s  t o  v a r y  w i t h  bow p o s i t i o n .  

However, i t  is n o t  s t r a i g h t f o r w a r d  t o  f i n d  a better a l t e r n a t i v e .  

Consider ing a bow f o r c e  m e a s u r e m e n t  o n  t h e  v i o l i n ,  p o s s i b l e  f o r c e  d e -  

t e c t o r s  would be p i e z o e l e c t r i c  d i s c s t  i n t e g r a t e d  as a p a r t  o f  an  assem- 

b l e d  b r i d g e ,  o r  p i e z o  f o i l  f i t t e d  u n d e r  t h e  f e e t  o f  t h e  b r i d g e .  The 

r e s p o n s e  t o  s l o w l y  vary ing  components i n  t h e  bow f o r c e  would, however, 

* S e l s p o t  11. S i T e k  ~ a b o r a t o r i e s  ABt P.O.Box 2611 S-433 25 P a r t i l l e ,  

Sweden. 



STL-QPSR 1/1988 

be poor using p i e z o e l e c t r i c  d e t e c t o r s ,  and an abso lu t e  c a l i b r a t i o n  would 

be v e r y  laborious.  

The high static f o r c e  from t h e  down-bearing of t h e  s t r i n g s  (roughly 

100 N), compared t o  t h e  s m a l l  dynamic  v a r i a t i o n s  from t h e  bow f o r c e  

( < 3  N), e x c l u d e s  t h e  u s e  o f  m i n i a t u r e  l o a d  cel ls .  T h i s  is u n f o r t u n a t e ,  

as t h e s e  c e l l s  u t i l i z e  s t r a i n  g a u g e s  and  show none o f  t h e  d i s a d v a n -  

t a g e s  of  t h e  p i e z o e l e c t r i c  de t ec to r s .  

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

ment, b u t  t h e y  a r e  n o t  s e r i o u s  enough t o  p r e v e n t  its s u c c e s s f u l  u s e  i n  

b a s i c  r e s e a r c h  under  l a b o r a t o r y  c o n d i t i o n s .  M o n i t o r i n g  o f  t h e  bowing 

parameters is a l s o  of  i n t e r e s t  f o r  pedagogical purposes,  b u t  t h e  e q u i p  

ment is hard ly  s u i t e d  y e t  f o r  f i e l d  use. 

An important  f e a t u r e  of  t h e  p re sen t  method, bes ides  its s imp l i c i -  

t y ,  was  t h a t  t h e  equ ipmen t  d i d  n o t  d i s t u r b  t h e  p l a y e r .  T h i s  is a n  

important point.  Even i f  a pro fes s iona l  p layer  may perform t o  h i s  satis- 

f a c t i o n  under  awkward c o n d i t i o n s l  he m i g h t  be  f o r c e d  t o  d e v i a t e  from 

normal manners when d i s t u r b e d  by a heavi ly  prepared ins t rument  o r  bow. 

Accordingly, t h e  g u i d e l i n e  f o r  f u t u r e  development must still be t h a t  t h e  

performance s e t t i n g  is u n c o n t r i v e d ,  s o  t h a t  t h e  p l a y e r  is a s  l i t t l e  

aware as poss ib l e  of being monitored whi le  playing. 

B. Bowing parameters 

The r e g i s t r a t i o n s  of  t h e  bowing p a t t e r n s  have i l l u s t r a t e d  the  high 

complexity i n  t h e  coord ina t ion  of t h e  bowing parameters  f o r  performing 

a g i v e n  t a s k .  I n  p r i n c i p l e ,  t h e  p l a y e r  h a s  a  wide  c h o i c e  o f  combina-  

t i o n s  o f  bow-bridge d i s t a n c e ,  bow v e l o c i t y ,  and bow fo rce  f o r  producing 

a g i v e n  dynamic  l e v e l  and  t o n e  q u a l i t y .  The dynamic  l e v e l  and t o n e  

q u a l i t y  may even be independent ly c o n t r o l l e d  t o  a  cons iderable  degree. 

However, t h e  du ra t ion  of  t h e  notes ,  t h e  cha rac t e r  of t h e  bowing p a t t e r n ,  

and t h e  s u c c e e d i n g  e v o l u t i o n  i n  dynamic  l e v e l  a l l  p u t  demands on t h e  

combination o f  p a r a m e t e r s .  These  demands d o  n o t  a l w a y s  c o n v e r g e  i n t o  

one o p t i m a l  c o m b i n a t i o n .  The a p p a r e n t  ease i n  p l a y i n g ,  which  is o f t e n  

a s s o c i a t e d  wi th  t h e  performances of  g r e a t  v i o l i n i s t s ,  prouably r e f l e c t s  

t h e i r  m a s t e r y  a  w i d e r  se t  o f  c o m b i n a t i o n s  o f  bowing p a r a m e t e r s .  Only 

r a r e l y  does  t h e  a r t i s t  have no choice  i n  h i s  bowing. 

The exper iments  s q g e s t  t h a t  t h e  choice  between t h e  bow-bridge 

d i s t a n c e  and t h e  bow v e l o c i t y  as t h e  main parameter f o r  c o n t r o l l i n g  t h e  

dynamic l e v e l  is d e t e r m i n e d  by s u c h  f a c t o r s  a s  t h e  d u r a t i o n  o f  t h e  

n o t e s l  r e l a t i v e  s t r e n g t h  of  t h e  higher  harmonics, speed of t h e  dynamic 

changes, and  c o m f o r t  i n  p l a y i n g .  Long s u s t a i n e d  n o t e s  may demand t h a t  

t h e  dynamic l e v e l  be c o n t r o l l e d  a lmost  e n t i r e l y  by t h e  bow-bridge d i s -  

tance ,  whi le  f a s t  changes, a s  i n  a sforzando,  could r e q u i r e  t h e  dynamic 

changes t o  be pe r fo rmed  m a i n l y  by  means o f  bow v e l o c i t y .  However, i n  

most cases t h e  p l a y e r s  seemed t o  a r r i v e  a t  a s u i t a b l e  t r a d e o f t  between 



STL-QPSR 1/'1988 

bow-bridge d i s t a n c e  a n d  bow v e l o c i t y  i n  s e t t i n g  t h e  d e s i r e d  l e v e l .  

The v a l i d i t y  o f  t h e  r e s u l t s  may r e q u i r e  a comment.  The e x a m p l e s  

p r e s e n t e d  i n  t h i s  s t u d y  were c o l l e c t e d  from two p l a y e r s  only.  A l t n o q h  

p e r s o n a l  d i f f e r e n c e s  undoubtedly d o  e x i s t  between p l a y e r s  due t o  b o d i l y  

s t r u c t u r e ,  temperament,  etc., t h e r e  is, however, l i t t l e  reason  t o  e x p e c t  

t h a t  t h e  basic  s c h e m e  i n  t h e s e  t w o  p r o f e s s i o n a l s '  c h o i c e  o f  b o w i n g  

paramete rs  is n o t  r e p r e s e n t a t i v e  o f  t h e  r e c q n i z e d  p r i n c i p l e s  o f  v i o l i n  

playing t o d a y .  

The p r e l i m i n a r y  e x p e r i m e n t s  i n  t h i s  s t u d y  a s  w e l l  as  t h o s e  i n  

A s k e n f e l t  (1986) i n d i c a t e  t h a t  t h e r e  is a w e a l t h  o f  i n f o r m a t i o n  p r e s e n t  

i n  r e g i s t r a t i o n s  o f  t h e  v i o l i n i s t ' s  u s e  o f  t h e  bow. The p r o f e s s i o n a l  

p l a y e r ' s  bowing  seems a t  n o  p o i n t  r a n d o m ,  b u t  e v e r y  d e t a i l  c o u l d  be 

t r a c e d  e i t h e r  t o  d e m a n d s  on  t o n e  p r o d u c t i o n  as  g i v e n  i n  t h e  s c o r e ,  t o  

t h e  p l a y e r ' s  i n t e r p r e t a t i o n ,  o r  t o  t h e  ease o f  p l a y i n g .  I n  t h i s  s e n s e ,  

measurements o f  t h e  bowing p a r a m e t e r s  o f f e r  an open window f o r  s t u d i e s  

o f  t h e  v i o l i n i s t ' s  performance.  1 

V. Summary 

The method p r e s e n t e d  h a s  been shown c a p a b l e  o f  measuring t h e  com- 

p l e t e  set  o f  bowing  p a r a m e t e r s  i n  v i o l i n  p l a y i n g  (bow p o s i t i o n ,  bow 

v e l o c i t y ,  b o w - b r i d g e  d i s t a n c e ,  bow f o r c e )  w i t h o u t  i n t e r f e r i n g  w i t h  

normal p lay ing  c o n d i t i o n s .  The method is s u i t a b l e  f o r  b a s i c  r e s e a r c h  i n  

v i o l i n  p l a y i n g ,  and a l s o  f o r  g e n e r a l  s t u d i e s  o f  music performance.  
1 

T y p i c a l  v a l u e s  o f  t h e  b o w - b r i d g e  d i s t a n c e ,  a s  o b s e r v e d  i n  t h e  

exper iments ,  were 10-20 m m  i n  f o r t e ,  20-30 m m  i n  m e z z o f o r t e ,  a n d  30-50 

m m  i n  piano. A t  s p e c i a l  r e q u e s t ,  t h e  bow-bridge d i s t a n c e  was s h o r t e n e d  

t o  a few millimeters o n l y  ( s u l  p o n t i c e l l o )  o r  i n c r e a s e d  up t o  60 m m  ( s u l  

t a s t o ) .  The bow-bridge d i s t a n c e  l i k e  t h e  o t h e r  bowinq p a r a m e t e r s ,  showed 

alrnost  no s t a t i o n a r y  p a r t s ,  b u t  was changed con t inuous ly .  

The bow v e l o c i t y  w a s  u s u a l l y  kep t  w i t h i n  t h e  range  0.2 to  0.4 m / s .  

O c c a s i o n a l l y t  t h e  v e l o c i t y  c o u l d  be brought  down t o  0.1 m / s  o r  i n c r e a s e d  

up t o  a b o u t  1.5 m / s .  

The l a r g e s t  dynamic change o b t a i n e d  by a charge  i n  t h e  bow-bridge 

d i s t a n c e  a l o n e  was 1 3  dB*, w h i l e  t h e  c o r r e s p o n d i n g  v a l u e  f o r  t h e  bow 

v e l o c i t y  w a s  2 3  dB. The l a r g e s t  o v e r a l l  d i f f e r e n c e  i n  d y n a m i c  l e v e l  

which cou ld  be produced was 37 dB. 

The bow f o r c e  was i n c r s a s e d  c o n t i n u o u s l y  w i t h  i n c r e a s i n g  dynamic 

l e v e l ,  e s s e n t i a l l y  f o l l o w i n g  t h e  t r e n d  f o r  t h e  lower  l i m i t  i n  bow f o r c e  

g i v e n  by c l a s s i c  theory.  

* T h i s  observed span w a s  c o n s i d e r a b l y  s m a l l e r  t h a n  t h e  p r e d i c t e d  maximum 

span ( 2 0  dB). P r o b a b l y ,  l o n g  s u s t a i n e d  n o t e s  c o v e r i n g  a d y n a m i c  range 

from p i a n i s s i m o  t o  f o r t i s s i m o  would expose t h e  e x t r e m e s  i n  bow-bridge 

d i s t a n c e  used i n  p r a c t i c e  f o r  con t r o l l i n g  t h e  dynamic l e v e l .  
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