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I V .  MUSICAL ACOUSTICS 

* 
A. THF S.T.L. IONOPHONE SOUND SOURCE 

F. Fransson 

The Speech Transmission Laboratory h s s  developed a 

sound source on t h e  p r inc ip l e  of a modulatad ionized air-gap. This  

sound source i s  u se fu l  f o r  a cous t i c a l  measurements and e spec i a l l y  

f o r  s t u d i e s  of musical wind-instruments on account of a diminutive 

s i z e ,  g r ea t  frequency range,  amplitude s t ~ b i l i t y ,  and high imped- 

ance . 
In  t h e  e a r l y  par t  of t h i s  century F.W. Peek a t  t h e  

General E l e c t r i c  Co. s tud ied  Corona phenomena and found t h a t  sound 

of a p i t ch  twice t h a t  of t h e  supply frequency,  was produced. It 

was presumed t h a t  t h e  sound generat ion was s o l e l y  due t o  a ther-  

mal e f f e c t  i n  t h e  Corona discharge,  but i t  was l a t e r  shown t h a t  

t h e r e  e x i s t s  an a i r -pressure  change, t h e  Corona wind, r e l a t e d  t o  

t h e  mobi l i ty  of ionized p a r t i c l e s ,  A loudspeaker of t h i s  p r i n c i p l e ,  

t h e  Ionophone o r  Ionovac, was invented by t h e  Frenchman S. Klein 

about 1946 and a s i m i l a r  i n s t r u m m t ,  t h e  Corona Wind loudspeaker 

with an ingenious modulation system was developed by t h e  Englishman 

D.M. Tombs about 1955. 

The general  p r i nc ip l e  of our device i s  shown i n  

Fig. IV-A-1. The condenser C i s  charged from t h e  DC-source E of 

2000-3000 V. The condenser d ischarges  over tho r e s i s t a n c e  R t he  
i9  

Corona e l ec t rodes  a t  U and t h e  s e r i e s  modulator M. The r e s i s t ance  

R .  i s  of importance f o r  a s t a b l e  Corona production without sparking 
1 

o r  s p l u t t e r i n g  tendencies.  The ionophone anode c o n s i s t s  of a 

piece of wire with a length  of xbout 3 mm and a diameter 5 0-05 mm. 

The cathode i s  a blunt e lec t rode  with a diameter of about 0.5 mm. 

The leng th  of t h e  air-gap i s  1-5 mm. The Corona a t  t h e  anode i s  

a small  v i o l e t  con9 and at t he  cathode s minute blue-white spot.  

25 

" Paper t o  be presented a t  t h e  5 t h  In t e rna t i ona l  Congress 
on Acoustics,  Li&ge, Belgium, Scpt. 7-1d9 1965. 





STL IONOPHONE 

a l=O.21cm I. =1.21 mA 
RizO.5 M n  

U x[=0.13cm Io=1.23mA 

o [=0.21 c m I. =1.15 mA 
11 

R i=1.6 5 M f l  
~1=0.13cm I. =1.16mA 

mA Vm = V e  sin. ut 

Volume current 

F i g .  I V - A - 1 .  



Acoustic Analog fo r  the Flute 

F i g .  I V - A - 2 .  



The ionophone e l a c t r o d c s  a r e  a p p l i e d  i n  t h e  embouchure 

and t h r e s  s e r i e s  o f  measurements w i t h  g l i d i n g  sine-wave modulat ion 

a r e  exesu ted .  

1. The f l u t e  Is comple t e ly  c l o s e d ,  i . e .  Z, and !/Zt = co . 
The sound press-ao a t  t h e  end i s  measured w i t h  a sond 
microphone: 

2 .  Th? embouchure i s  Jccpt c ;  osnd (i. e .  2, = co ) , t h e  
end and keys  o r  h o l ~ s  arsc s u c c e s s i v e l y  opened accord- 
ing t o  t h s  t o n e  i n  o.uestioli and s misrophone i s  
p l aced  abcva t h e  oTen h o l e  o r  key  n e a r e s t  t h e  embou- 
chure .  

3. Tho embouchure i s  o ~ o n e d  xnd t k ~  t r s n s m i s s i o n  func- 
t i o n  and impcdanc,? :or each  $ m e  zccor6-ing t o  eqs .  

-- . - - 
( 1  ) an6 ( 2  ) z e  measu~c; l ,  - ~ g s ,  111--;~-5 and LV-k-6. 

I n fo rma t ion  s b o c t  t h o  R O S L  s i g n i f l c d n t  c h 3 r a c t e r i s t i c s  

o f  t h e  f l u t e  i s  nora obtained. i'f' b a s i c  k t c - e s t  i s  t h s  r e l a t i o n  

between t b e  resonance  Trzqi icnclcs  ?r,d ?he p i t c h  of  t h e  5101~11 $one. 

If t h i s  r c l n t i o n  i s  knovrn, a  g r c - t e r  &curacy  f o r  ilf:",c,-~~iinlng t ' la  

t empersr;!er?t d e v i a t  i o n  t h a n  ;Ins TJ s u s l  p?r;Sorr?,ance t e s t  i s  p o s s i b l e .  

3 number of t e s : s  w i t h  n u s i c i a n s  l3lnying different f l u t e s  i n d i c a t e d  

t h a t  u n d e s i r a b l e  c o r r e c l i c n s  oerc  I I I ~ ~ C ,  o s p e c i z l l y  i n  t he  middle 

register, a l s o  when p l a y i v c  a c c o r d i n ?  t o  s c o r e s  w i i h  d i f P i c u l 5  

i n t e r v a l s .  Wc lound  however t h s t  a  n o r e  t r u e  r e l a t i o n  cov ld  be 

o h t ~ j n ? d  i f  $119 ?il;tist xas requii-ed t o  perform a f t e r  a s t a f f  7ai';h 

a s i p a l - i n g  I a n p  f o r  each  t o n e ,  The scquonce of  t h e  s w i t c h i n g  

was choscvl at rnndon and a lamp j n d i c a t i l i g  s c e r t a i n  n o t e  was 

l i g h t e d  ~rhen t k ~ e  performer p rosscd  n f o o t  swi t ch .  Kean v a l u e s  from 

f i v e  f l u t e s ,  r z p r z s c n t a t i v e  f o r  d i f f e r e n t  po r iods  f r o n  t h e  bcgin- 

n i n g  of  l a s t  c e n t u r y  u p  to  now a r e  shown i n  Yig. IT,'-3-7. 

I n  o r d e r  t o  de te rmine  by s i m u l a t i o n  ?he  e f f x t i v e  

s o v e r i n g  of  t h e  ambmchure by t h e  mouth, a s e r i s s  of  c c z e ~ r s m ~ n t s  

were 3 3 d ~  w i t h  t h e  ionophone z s  a s o u r c e  and c u c c z s s i v e l y  reduced 

embouchure opening,  Comparisons oetwccr? t h e  p i t c h  of  a '~lo7m toile 



Fig.  I V - A - 3 .  T r a n s m i s s i o n  function fo r  closed flute. 





Fig .  IV -A-5.  T ransmission function for  D 4 '  Embouchure open. 



Fig. IV-A-6.  Inimpedance for D Embouchure open. 4' 



Cent 
Mean values for  
five flutes 

Tonophone meas  - 
urements  on 
partly covered 
narrow e m -  
bouchure 

Ionopholle m e a s  - 
urements  on 
partly covered 
normal  e m -  
bouchure 

F i g .  IV -A-7.  Relation between resonance frequency and 
corresponding blown tone. 



i n  t h e  middle octave and t h e  corresponding resonance frequency 

showed t h a t  t h e  opening should be reduced t o  about one half  i n  

o rder  t o  provide s frequency match, This  r e l a t i o n  was q u i t e  con- 

s i s t e n t  over t h e  whole r e g i s t e r  up t o  t h e  high par t  of t h e  t h i r d  

octave where t h e  blown tone was s l i g h t l y  lower. Two f l u t e s  were 

t e s t e d ,  one with a normal and one with a narrow embouchura, i . e .  

an a r ea  d i f f e r ence  of 23 per  cent .  The required a r ea  reduct ion 

was 60 per cent f o r  t h e  normal 2nd 40  par  cent  f o r  t h e  narrow 

embouchure. The r e l a t i v e  embouchurc impedance i s  

L L 
0 with reduced opening 2 inc reases  t o  - + A z z 

where A f o r  t h a  normal embouchure was found t o  be 47 per  cent  

h igher  t h ~ n  b f o r  t h e  narrow embouchurc. J,J. Quantz s t a t e d  i n  

h i s  book: ,,Versuch, o ine  Lnwsisung d i e  F lu t e  Travers ie ro  zu 

Spielen" ,  Breslau 1789, t h a t  an a re2  reduct ion of xbout 50 per cent  

was required f o r  t h e  production of z f u l l  t one ,  and i t  i s  known 

by f l u t i s t s  t h a t  a narrow embouchurc should be covered l e s s  than 

a wide one. 
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