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Correspondence 

Electromechanical  Properties of Bismuth  Germanate 
BidGeO,), 

As is  known  from  the  literature,  single  crystals of bismuth 
germanate  have  been  grown [l], [Z], and  the  elect,rooptical 
properties  have  been  investigated.  This  correspondence  dwcribes 
the  elcctromechnnical  properties, i.e., the  elastic,  dielectric,  and 
piezoelectric  behavior. All  constants  given  in  this  paper  were 
measured a t  20°C. Hismuth  germanate  belongs  to  the  crystal 
class (43m) and  thus  shows  cubic  symmetry. JTe measnred  the 
elast'ic constants  dynamically  using  t,he  pulse-echo  method  and 
a  resonance  method.  bZeasurements of the  sound  velocities  on 
several  specinlens  in  various  crystallographic  directions  yielded 
the  elastic  constants cii and sii as given in Table I. Since  the 
piezoclcct.ric  coupling  is lorn, no  distinction was made  between 
cD and c P  or SD and SE, respectively.  The  temperature  coefficients 
yii of the  const,ants c i ,  and 6,; of the  constants sii are also 
summarized in Table I. 

The  low-frequency  dielectric  constant E,,, the coefficient, of 

€11 = 16, 
a11 = 5 x 1 0 - y 0 c ,  

t(herma1  espansion a l l ,  ant1 the dens it^- p are 

p = 7.095 X 103 kg/m3. 

The piezoelectric  coupling coefficient. k was evaluated  from 
measurements of the  resonance  and  antiresonance  frequencies. 
Using  shear-wave  propagation  in the (110) direction  with 
polarization  in  the (001) direction, a coupling  coefficient k of 
1.5 X 10-2 f 25 percent  was  obtained.  This  coupling  coefficient 
k is defined  by h? = h~, /P;SIc f4 ,  where hlr  is the piezoelectric 
constant  and P; ,  the  dielectric  impermeability.  The  complete 
set, of nonvanishing  piezoelectric  constants  is  given  in  Table 11. 
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The results of acoustical  attenuation  measurements for some 
types of waves  are  listed  in  Table 111. 

TABLE I11 
ACOESTIC.11, ATTENUATION OF SOME SPECIAL TYPB OF W.4VE.S 
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Directiorl of Elastic 
Effective 

Prop:tp:ttion Constant 

0.15 

2.26 
0 . 3  
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Velocity Measurements of Lateral  Beam  Displacement 
Upon Reflection 

Abstract-The  velocity of the  ultrasonic  beam  displacement  at 
a liquid-solid  interface was  determined electronically and optically. 
A stroboscopic  technique  utilizing  light and  sound  interaction  was 
developed to  observe  ultrasonic pulses reflecting  from  metals 
immersed in water. It was  shown  that  when  the  beam  is displaced 
it  propagates  along  the  surface at  the Rayleigh  wave  velocity  before 
it  is  reradiated  into  the  water. 

When  a  plane-longitudinal  ultrasonic  wave  is  incident at t,he 
plane  interface  formed by a  liquid  and  a  solid,  part, of the wave 
is  reflected and  part  is refracted.  The  directions of the  various 
waves  are  given  in  accordance  with  Snell's law. If one  includes 
mode  conversion to Rayleigh  waves,  Snell's  law  reads [l] 

C,,/sin B R  = CR, (1) 
where C, is  the  longitudinal  wave  velocity  in  the  fluid, C R  t,he 
Rayleigh  wave  velocity  on  t,he  solid,  and O R  the  Rayleigh  angle. 

When  a  bounded beam is incident  at  a  liquid-solid  interface 
at  the  Rayleigh  angle,  the  beam is  displaced  along  the  interface 
before i t  is reradiated.  Schoch 121 derived a n  expression  for  the 
displacement 

''-2 1 + 6!12(l - c) - 2b(3  - - 2C)  
b - c  

(2) 
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Fig. 1. Separation of reflected beam.  Part .S? is  rellected normally, .SI IS displaced 
if  tbe  angle of incidence eiluaI3 the  Rayleinh angle. 

Transmitter Tronrmltter Double 
I Pulrer r 2 .  

t t 

Camera 
Plane 

Fie. 2.  Schematir  diarram of atrobosropic schlLeren arrunaement. Angles and 
distances not to  scale. 

where X is  the  wavelength  in  the  liquid, a = (Csz/CL1)2, b = 
(Csz/CR)2,  c = (Csz /CLz)z ,  and p is  the  density.  The  subscripts 
R, S,, and L refer  to  Rayleigh,  shear,  and  longitudinal  waves, 
respectively,  and  the  subscripts 1 and 2 to liquid and solid, 
respectively. 

This  relationship,  which was verified  esperiment,ally by  Schoch 
131 and  others [4], has to  be  taken  into  consideration  in  experi- 
mental  studies of reflect,ion  problems [S ] ,  particularly at low 
frequencies.  For  stainless  steel  immersed  in  water ( 2 )  predicts a 
displacement of 61 wavelengths.  Howerer, ( 2 )  does not  reveal 
the  velocit,y  with  which  the  signal  propagates  along  the  surface 
through  the  displacement,  distance  before  being  reradiated  into 
the  liquid. In order  to  determine  this  velocity  two  experiments 
were  performed. 

EXPERIMENT 1 

Blocks of stainless  steel  and  brass  were  silver-soldered  together 
and  machined  to  form  adjacent  coplanar  reflecting  surfaces. 
This  sample mas placed  in  water so that  one half of the  incident 
ultrasonic  beam  was  reflected  from  the  stainless-steel  surface 
(signal SI) and  the  other  half  from  the  brass  surface  (signal S z )  
as  indicated in Fig. 1. The  transmitting  transducer  was  driven 
by an Arenberg  pulsed  oscillator and  emitted a 5-MHz $-inch- 
diameter  beam.  The reflect,ed signals S ,  and S r  were  received by 
a 3-inch-diameter  transducer,  amplified  and  displayed  on  an 
oscilloscope. 

The received  signal  was  observed  as a function of angle of 
incidence.  When  this  angle  was 30", which is the  Rayleigh  angle 
for  stainless  steel  in  water,  the  signal  reflected  from  stainless 
steel S, would  be  expected to be  displaced  by a distance  given 
by  ( 2 )  while S2 should  be  reflected  normally a t  30" (i.e., A = 0) 
since  the  Rayleigh  angle  for  brass  in  water  is 49.8'. The  receiving 
transducer  was  large  enough to  intercept  both  reflected  signals. 

One  can  show  quite  readily  that  the  time  difference  between 

Fig. 3. Schlieren photograph of continuous  wave  inrident from  the left  and 
partly reflected from brass  (center  beam)  and  partly displaced and  subseqrtently 
reflected from stainless steel. 

(a) 
Fig. 4. (a)  Stroboscopic  schlieren  image of incident pulse a t  time it reaches 

interface. (b) Reflected pulse  split  into  normally reflected signal  from  brass 
(upper  imare)  and  laterally displaeed and  subsequmtly  reflected from stainless 
steel  (lower image). 

the  arrivals of S, and S2 a t   t he  receiving t r:u~stl~~c*cr i s  

A A  
t = - - - sin B B ,  c, c, 

where C, is the velocity  with  which S I  travels along  the  st,sinlcss- 
steel  surface. If t = 0, i t  follows  from (1) tha t  C; = C,. 

The  results of this  experiment,  shonetl  that,  the  t>ime  difference 
t was zero,  i.e.,  only  one  pnlse was tiispla5-ed on  t,he  oscilloscope 
regarrllcss of the  angle of incidence, incl~~ding  the  respective 
Rayleigh angles for  both  metals.  'rhis  indicates  that,  the  vclociby 
wit,h  which the signal is displaced  along  the  surfacr  is  identical 
to the  Rayleigh \wvc velocity. 

ESPI.3ZIMENT 2 
The  object of this  experiment, was to present a pictorial 

representation of the  result  found  in the first  experiment. To  
acconqdish  this a stroboscopic  technique was devised as shown 
schematically  in  Fig. 2 .  The  light  source was a 10-mW He-Ne 
laser.  The  light  interacted  normally  with a 7-MHz ultrasonic 
beam  produced by transducer T I  driven  by  hrenberg  t,ransmitter 
1, which  in  t,urn was triggered bp  a Ikckrnan double pulser a t  
103 p p .  Pulse  duration  was 1 PS. The sound  cdl was fillcrl with 
water  and pc rubber R absorbed  t,lle  signal a t  one  end of the cell. 
Lens L 1  focused  the  light  beam at   aper ture  plane A I  where a 
Raman-Kath  diffraction  pattern [F] appeared  rvhenever a sound 
pulse  interacted  with  the  laser  beam.  The  apperture A allowed 
only  the  first  diffraction  order  to pass. The  pulsed  light  emerging 
from  this  apert,ure was collimated by lens L 2  int,o a 2-inch- 
diameter  beam. 

The  entire  reflection cell described  in  Experiment l was  placed 
in  the  path of the  pulsed  light  beam  such  that  the  cnt,ire  region 
of ultrasonic  reflection  from  the  metals was illuminated.  The 
sound  propagat,ion  directions  were  normal  to  the  propagation 
direction of the  pulsed  light  passing  through 9 , .  Transducer Tz 
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in  the reflection  cell mas driven by Arenberg  transmitter 2: 
which  in  turn was pulsed by the  Beckman  double  pulscr.  The 
two  pulses  leaving  the  double  pulser  had  the  szme  rc1)etition 
rate;  the  delay  time  between  the  two  pulses  could  he  varied  over 
a 1 0 - p ~  range. I t  was  thus possible to  adjust t,he time of pulsed 
illumination  (through r l l )  with  resllect t,o the  position of the 
ultrasonic pulse in the reflection cell. 

Lens L 3  focmcrl t,he light  to  aperture .l2 where  onlS  the  first 
diffraction  order was allon-ed  to  pass.  This  arrangement  produced 
a  schlieren  image of the  sound in the  camera  plane, specifically 
an  image of the  ultrasnnic  pulse  before,  during,  or  after  reflection 
from  the  brass-stainless-steel  szmple  as  determined by  the  time 
delay  between  the  two  pulses  leaving  the  tlouble  pulser. 

Fig. 3 shows a schlieren  image  formed by a continuous  ultra- 
sonic  wave.  The  beam is incident  from  the  left at  30°, which is 
the  Rayleigh  angle  for  stainless  steel. Half the reflect,ion is from 
brnss  and half from  stainless  steel. It is evident that upon 
reaching  the  interface  the  beam  separates;  part is reflected 
normally  from  brass  and  part  moves  along  the  stainless-steel 
surface  before  it is reradiated  in  the s m w  direction. 

Fig.  4(a)  shows a stroboscopic  schlieren  inmgr of the  incident 
pulse as i t  reaches  the  metal-water  interfare.  The  pulse  length 
was 4 ,us. The  geometry  was  the  same  as  that used to  obt,ain 
Fig. 3. Fig. 4(b) shovc-S D stroboscopic  schlieren  image of the 
reflected  pulse. One  not,es  that  the  leading  edges of the two 
pulses are  in  the  same  plane  normal to their  respective  propaga- 
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tion  directions.  This  illustrates  the  observation  made  in  Experi- 
ment 1 that  the  time difference t = 0 and  thus C, = C R .  

COXCLUSION 
From  the  messurenlents of the  angle of incidence and  the 

holyledge of the velocities  in  both  media,  both  esperiments 
indicate  that  the  velocity  with  xhich  the  ultrasonic  signal  is 
displaced  along  the  solid is the  Rayleigh  wave  velocity.  Hence, 
phenomenologically  one  may  consider  the  beam  displacement  in 
terms of Rayleigh-type [l] wave  propagation  along  the  surface 
metal. 
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