
I N F L U E N C E  O F  E N D  I M P E D A N C E S  ON T H E  N A T U R A L  

F R E Q U E N C I E S  O F  AN A C O U S T I C  R E S O N A T O R  

V. A.  G r u z d e v  a n d  V. I .  S l a b n y a k  

An acoust ic  r e sona to r ,  cons i s t ing  of a tube c losed at one end by a r a d i a t o r ,  and at the other  by a 
sound r e c e i v e r ,  is often used for  inves t iga t ing  the veloci ty  of p ropaga t ion  of sound in gases .  The influences 
of the r a d i a t o r  impedance  Z 0 and r e c e i v e r  impedance ZL on the na tura l  f requencies  of the r e s o n a t o r  a r e  
usua l ly  allowed for  by introducing an effect ive r e s o n a t o r  length, de t e rmined  f rom ca l ib ra t ion  expe r imen t s .  
This  does not a lways lead to c o r r e c t  r e s u l t s ,  however,  s ince Z 0 and ZL, and hence the effect ive length, d e -  
pend on the expe r imen t a l  condi t ions and the type of gas being measu red ,  as well as on the cons t ruc t ion  of 
t he r ad ia to r  and re  c e ive r. 

A method is d e s c r i b e d  below, such that the influence of the end impedances  can be taken into a c -  
count when ca lcu la t ing  the na tura l  f requenc ies  of the r e s o n a t o r .  

The na tura l  f requenc ies  fn  of an acoust ic  r e s o n a t o r  a re  de t e rmined  by the condit ion [1] 
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Here  a is the ve loc i ty  of sound, L the r e s o n a t o r  length, and 250 and 26L are  the phase  shif ts  in the 
end impedances .  The phase  shif ts  26 a r e  de t e rmined  by the end impedances  and the p r o p e r t i e s  of the gas  

f i l l ing the r e s o n a t o r  [1] 
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Here S is the a r e a  of the r e s o n a t o r  c r o s s  sect ion,  p the gas dens i ty ,  and Z the mechanica l  impedance 

of the sound r a d i a t o r  ( r ece ive r ) .  

Since, in the case  of e l e c t romagne t i c  and condenser  mic rophones ,  Im(Z) >> Re(Z) [2, 3] at f requencies  
of the o r d e r  of 1000 Hz, r e a sonab ly  well away f rom the fundamental  r e sonance ,  the mechanica l  impedance  
of the r a d i a t o r  ( rece iver )  can be wr i t t en  as 
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The f i r s t  two t e r m s  here  r e p r e s e n t  the i m a g i n a r y  p a r t  of the m e m b r a n e  mechan i ca l  impedance  [4], 
while the l a s t  two a re  c o r r e c t i o n s  a l lowing  for the inf luence  of the gas ,  p be ing  the gas p r e s s u r e  in the 
r e s o n a t o r .  The coef f i c ien t s  M and E, which depend on the r a d i a t o r  ( r ece ive r )  c o n s t r u c t i o n  and on the m o -  
l e c u l a r  weight and t e m p e r a t u r e  of the gas ,  can  be found f r o m  the r e s o n a n c e  condi t ion  Ira(z) = 0 on the b a -  
s i s  of the f r e q u e n c i e s  f01 and f02 of m e c h a n i c a l  r e s o n a n c e  of the r a d i a t o r  ( r ece ive r )  m e a s u r e d  at two d i f -  
f e ren t  p r e s s u r e s  Pl  and P2 
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By u s i n g  (2)-(4),  the r a d i a t o r  ( r ece ive r )  m e c h a n i c a l  impedance  and r e s o n a n t  f r e que nc y  can  be c a l c u -  
la ted,  t oge the r  with the n a t u r a l  f r e q u e n c i e s  of the r e s o n a t o r .  The t h e o r e t i c a l  cu rve  in Fig. i of the r e s o -  
nant  f r equency  of an e l e c t r o m a g n e t i c  r e d i a t o r  ( r ece ive r )  aga ins t  the gas p r e s s u r e  in the r e s o n a t o r  is in 
good a g r e e m e n t  with the e x p e r i m e n t a l  data.  

If the r a d i a t o r  and r e c e i v e r  have the s a m e  c o n s t r u c t i o n  (Z 0 = Z L = Z), the r e l a t i v e  dev ia t ion  of the 
r e s o n a t o r  n a t u r a l  f r e q u e n c i e s  f n  f r o m  the r e s o n a n t  f r e q u e n c i e s  f ~  n = 2 n L / a ,  c o r r e s p o n d i n g  to z = ~,  i s  

h / , , - - /n  ~ 25 
= W - ~ ( 5 )  

Frequency curves of the relative deviations in the resonator natural frequencies, due to the influence 
of the end impedances, are given in Fig. 2. The theoretical (broken) and experimental (continuous) curves 

refer to a resonator of 0.03 m diameter and 0.409 m length with the respective pressures a) I, b) 5, and c) 

20 kgf/cm 2. The following quantities were used for calculating the end impedances: M 0 = 6.6 �9 10 -4 kg, 

f00 = 1300 Hz, f01 = 2400 Hz, f02 = 3700Hz, p~ = 1 kgf/em 2, and P2 = i0 kgf/cm 2. 

It can be seen from Fig. 2 that the end impedances have the effect of considerably reducing the reso- 
nator natural frequencies in the range below the resonant frequency of the radiator (receiver), and of in- 

creasing the natural frequencies in the range above the radiator (receiver) resonant frequency. The mea- 

sured values of the deviations are in satisfactory agreement with the theoretical data. The difference, espe- 

TABLE 1. Veloci ty  of Sound in  C a r b o n  Dioxide,  m / s e c  
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cially in the reg ionc lose  to the radiator  (receiver) mechanical  resonance would seem to be explained by 
the influence of the res is t ive  component of the impedance, which was discounted in the above theory. 

A block d iagram of the experimental  set-up is given in Fig. 3. Here 1 is the radiator ,  2 the resona-  
tor ,  3 the rece ive r ,  4 the sound genera tor ,  5 the frequency meter ,  6 an amplifier ,  7 a l imiter ,  8 a syn-  
chronous detector ,  and 9 a mic roammete r .  The synchronous detector  enabled the resonant frequencies to 
be determined accura te ly  (:L0ol Hz) with a low radiator  power and low rece ive r  sensitivity. Due to the r e -  
duced sensit ivity,  it was possible to increase  the mechanical impedance of the electromagnet ic  radiator  
(receiver).  

Measurement  data on the velocity of sound in carbon dioxide are given in Table 1. For  comparison,  
the velocit ies a .  evaluated f rom the equation of state [5] are  also given. 
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