
E X P E R I M E N T A L  I N V E S T I G A T I O N S  O F  N O N R E S O N A N C E  

P A R A M E T R I C  I N T E R A C T I O N S  O F  E L A S T I C  W A V E S  IN 

S O L I D S  

B .  A .  K o n y u k h o v  a n d  I .  D. K o n y u k h o v a  UDC 534.222 

Resul t s  a r e  p r e sen t ed  of expe r imen ta l  invest igat ions into nonresonance  p a r a m e t r i c  i n t e r -  
act ions of e las t i c  waves  in i so t rop ic  solid med ia  conducted on the base  of audio modulat ion 
by sound in an a luminum alloy.  It  is shown that  the expe r imen ta l  r e su l t s  agree  well  with 
the theory .  T h i r d - o r d e r  e l a s t i c i ty  constants  and the absolute values  of dynamic e las t ic  
f ields a re  m e a s u r e d .  

The theo ry  of e l a s t i c - w a v e  i n t e r a c t i o n s  has p rev ious ly  [1, 2] been examined.  In this work phase 
modulat ion of h igh- f requency  longitudinal, shea r ,  and sur face  e las t i c  waves  with the low-f requency  e las t ic  
field of a standing wave is inves t igated.  M e a s u r e m e n t s  of the phase -modula t ion  index of e las t ic  waves 
were  conducted by means  of an ins t rumen t  using the flow char t  depicted in Fig. 1. An e l ec t r i ca l  signal 
f rom a s inusoidal  s ignal  g e n e r a t o r  1 was fed to a p iezoe lec t r i c  r ad i a to r  2 (of shear ,  longitudinal, o r  Ray-  
leigh waves) .  

The wave emi t t ed  by the p iezoe lec t r i c  t r a n s d u c e r  2 p a s s e s  through the solid spec imen  3 and is taken 
up by the p i ezoe lec t r i c  r e c e i v e r  4. The phase -modu la t ed  signal  en t e r s  the phase -de tec t ing  c i rcui t  (radio 
r e c e i v e r  or  se lec t ive  vo l tmete r )  6 through the f i l t e r  5. The f i l t e r  5 is used  to at tenuate an undes i red  low- 
f requency modulat ing s ignal  which can be d i rec t ly  taken up by the p iezoe lec t r i c  r e c e i v e r .  The signal s ep -  
a r a t ed  and ampl i f ied  by the r e c e i v e r  6 is obse rved  on the osc i l lograph  s c r een  7 or  m e a s u r e d  by the vo l t -  
m e t e r  8. A low-f requency  modulat ing field in the spec imen  3 is exci ted by the p iezoe lec t r i c  t r a n s d u c e r  9 
to which the e l ec t r i c  s ignal  f rom the g e n e r a t o r  10 is fed. 

A s inusoidal  modula t ing e las t ic  field with f requency 19.5 kHz was exci ted by mounting a v i b r a t o r  in 
a ba r .  

Inves t iga t ions  into the modulat ion of longitudinal waves  and o ther  types  of waves were  conducted on 
a rod made of al loy D16T m e a s u r i n g  270 x 50 • 20 tuna 3. The length of the ba r  in this case  equaled the wave-  
length of the modula t ing field at a f requency  of 19.5 kHz. Inves t iga t ions  into the modulat ion of longitudinal 
waves  with f requency  of 2.5 mHz c o m p r i s e d  the study of the i ndexofmodu la t iono f  the wave a c r o s s  the b a r  
as a function of the coordinate  of the r ad i a to r  and r e c e i v e r  of the modulated wave along the b a r  and as a 
function of  the angle between the wave vec to r s  of  the in te rac t ing  waves .  The dependence of the index of 
modulat ion on coord ina tes  along the b a r  is depicted in Fig. 2 (distance f rom the end of the b a r  to the r ad i a to r  
is layed out along the x axis ,  and the index of modulat ion re la t ive  to the m a x i m a l  value is layed out along 
the y axis) .  The solid line r e p r e s e n t s  the theore t i ca l  dependence on all  g raphs .  The e x p e r i m e n t a l  points 
( t r iangles)  coincide within the m e a s u r e m e n t  e r r o r  with the theore t i ca l  cu rve  3. The r e su l t s  of an e x p e r i -  
men ta l  inves t igat ion into the angula r  dependence a re  depicted in Fig. 3. Here  there  also ex is t s  good a g r e e -  
ment  between expe r imen t  ( t r iangles)  and theory  (curve 2; the t h i r d - o r d e r  constants  used  in the theore t i ca l  
ca lcu la t ions  a re  taken  f rom [3]. 

Inves t iga t ions  into the modulat ion of s h e a r  waves  2.5 mHz in f requency c o m p r i s e d  the study of the 
angula r  dependences of two types of indices of modulat ion,  namely ,  when the polar iza t ion  v e c t o r  l ies  in a 

Gor 'k i i .  T rans l a t ed  f r o m Z h u r n a l  Pr ikladnoi  Mekhaniki i Tekhnicheskoi  Fiziki ,  No. 5, pp. 154-156, 
S e p t e m b e r - O c t o b e r ,  1974. Or ig ina l  a r t i c le  submit ted  Apr i l  4, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 West 1 7th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored ~n a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

716 



Fig. I 

I m'm~ o i ~ ooOO 
~ 

IY f ~ 
I 1  f "\ i~ 

50 100 fSO 

Fig. 2 

0 5  

3O 

Fig. 3 
60 O" 

type (squares) and second type (circles).  

plane passing through the wave vec tor  of the modulated wave 
and the longitudinal axis of the bar, and when the angle be -  
tween the polar izat ion vec tor  and its project ion on this plane 
varied.  For  this purpose V-shaped radia tors  with different 
angles of inclination were used in the f i rs t  case,  while in 
the second case the rad ia tor  and r ece ive r  were s imul tane-  
ously rotated about an axis pass ing through the field an-  
tinode. 

The resul ts  of the exper imental  investigation into the 
dependence of the index of modulation on coordinates along 
the bar  are not presented here,  since they are analogous 
to the corresponding resul ts  for  longitudinal waves.  

The resul ts  of the investigation into the angular  de- 
pendences are depicted on the curves  of Fig. 3 for  the f i rs t  

The solid curves  1 and 3 in the figure depict the theore t ica l ly  
calculated dependences.  The index of modulation in the figure is presented in relat ive units (relative to 
the maximal  theore t ica l  value). 

In this work an exper imenta l  investigation was conducted into the modulation of t ravel l ing Rayleigh 
waves with vibrat ion frequency 1.8 mHz. The dependences of the index of modulation on coordinates along 
the bar,  assuming propagation of the Rayleigh wave along the modulating field (for an interact ion path of 
50 ram) and on the interact ion path were investigated. The dependence of the index of modulation on in ter -  
action path was determined for a rad ia tor  located at the node of the modulating field. The r ece ive r  was 
shifted along the bar  (a surface wave also propagates  along the bar).  

Results  of an exper imenta l  investigation into the dependence of the index of modulation on the angle 
between the wave vec tors  of the interact ing waves are  depicted in Fig. 3 (points) and the dependences of 
the index of modulation on coordinates  along the bar  for  longitudinal propagation and on interaction path are  
depicted in Fig. 2 (points, c i rc les ,  curves  2 and 1, respect ively) .  The continuous curves  were theore t ica l ly  
calculated using previously  given formulas  [2]. The values of the index of modulation are  plotted relat ive 
to the maximal  value.  These resul ts  also agree well with theory.  

Let us present  resul ts  of a calculation of t h i r d - o r d e r  e las t ic i ty  constants for the D16T alloy based on 
these exper iments .  The theore t ica l  foundations for such a calculation were examined in [1]. The Murnaghan 
constants were determined here for convenience for  compar ison  to the resul ts  of other  authors [3]. The 
resul ts  of the measu remen t s  are  as follows: 

1 �9 10 -l~ N/m 2 - 29 =~ 6 - 35 [3] 
m �9 10 -1~ N/m 2 - 3 1  ~= 6 - 3 7  [3] 
n - 10 -l~ N/m 2 --26 ~= 5 - 27 [3] 

Values for  density are taken f rom the l i te ra ture .  Second-order  elast ici ty constants were measured  
relat ive to the velocity of shear  waves.  

It is evident that the t h i r d - o r d e r  e las t ic i ty  constants  determined relat ive to audio modulation by sound 
coincide to within the measu remen t  e r r o r  with the mean values of the constants presented in a previous 
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study [3]. It is necessary  to take into account the dispersion of the elasticity constants, which depends 
on the data processing.  

The pressure  amplitude at the modulating field antinode was calculated from the experimental results 
presented here .  The pressure  amplitude, calculated by the results of a measurement  of the index of modu- 
lation of elastic waves at a frequency of modulating field of 19.5 kHz, was 5-10 ~ dyn/em. This result  agrees 
well with the result  of determining the pressure  amplitude in te rms of the magnitude of the piezoelectrid 
modulus of the piezoelectr ic  t ransducer  and in t e rms  of the magnitude of the electr ic  modulating signal. 
In this case the pressure  amplitude for a quality of 60 for the bar at a frequency of 19.5 kHz, was 5.8.106 
dyn/cm 2 at the antinode. 
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