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Observation of Nonlinear  Acoustic  Effects  in  a  B-Scan 
Imaging Instrument 

Abstmct-Finite amplitude  distortion  in  acoustic waves can  be  pro- 
duced by a  commercial  B-scan  imaging  instrument  which has an  un- 
conventionally long water delay path.  The  presence of harmonic  signal 
components  at  high power output is compared to theoretical  predic- 
tions, and  the  significance of these  findings  are  discussed. It is  shown 
that  imaging  properties  are not noticeably  affected  under  the weak 
shock ( U  = I) conditions. 

INTRODUCTION 

I T IS  WELL-KNOWN  that finite amplitude  effects  can 
occur in water  at  bigmedical  frequencies  and  intensities 

[l]-[4], and  the  production of finite  amplitude  distortion 
in pulsed fields from  diagnostic  ultrasonic  equipment  has 
recently  received  attention [5]-[6] .  The  distortion of a 
propagating  pure  tone wave can be characterized, in the 
time  domain, by the  formation of a “sawtooth” wave ap- 
pearance,  or in the  frequency  domain by the  generation of 
harmonics. A shock  parameter U provides a 
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plifier with controllable gain.  Linearity was determined 
by plotting the  increase in received  signal,  measured on 
the  spectrum  analyzer, for  known  increases in radio  fre- 
quency (RF) voltage  applied to the  transducer.  The  test 
system  remained  linear  at  both 1 and 3 MHz to  a  receiver 
level  of 50 dB above  noise,  where  second  and  third  har- 
monic  components  were  first  noted. 

In  comparison, waveforms from  the  Octoson  were  mea- 
sured  at 0 to 30 dB above  noise, well within  the  linear 
range of the  hydrophone spectrum  analyzer  combination. 

THEORY 
For  spherically  converging waves propagating in a  non- 

attenuating  medium,  the  shock  parameter  is  defined by 
[l], l101 

U = &kR ln(R/r) (1) 

where R is  the  effective  radius of the  spherical  source, r 
the  distance  from  the  center of curvature, k is  the  acoustic 
wavenumber, and 

0 = 1 + B/2A (2) 

E = (21, X 10’ / p  c3)1/2. (3) 

In  the  above  expressions, Z, is  the  rms  source intensity 
(W/cm2),  and p and c are  the density  and  sound  speed of 
the  medium in CGS units [ l ] .  Using  typical  values for a 
water medium  with BIA = 5.2, p = 1 gm/cm3,  and c = 
1.5 x lo5 cm/s, (1)  becomes 

B = 1.161 X lO-”fR In(R/r) (ls)”* (4) 
wherefis  the  fundamental frequency.  Equation (4) shows 
that, for  any fixed frequency,  focused  transducer,  and 
source  intensity,  the  shock parameter will grow  larger  as 
a  propagating wave nears  the focal  region  (as r grows 
smaller).  Where U = 1, the  distortion  can  be  classified as 
weak shock,  where  the  fundamental  has lost 1 dB to har- 
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GAIN SETTING 
Fig. 2. Graph of the  spectral  magnitude  (in  dB  above noise) versus  trans- 

ducer  output  power level (in  dB)  for  signal  components at 3.1, 6.3, and 
9.5 MHz. The  relative  signal  strengths  at  highest  power  output, 45 dB, 
are  close  to  the  theoretical  description of U = 1 weak shock  conditions. 

(C ) 

Fig. 3. Pressure waveforms near the focal region,  at  increasing  power out- 
put levels. Horizontal  scale: 0.2 psecidiv.  Output  power levels are  (a) 36 
dB,  vertical  scale 2 mVidiv.  (b) 39 dB,  vertical  scale  adjusted  between 
2 and 5 mVldiv.  (c) 45 dB, vertical scale 5 mVldiv. 

nents  were  at or below the noise floor. Thus  the  observed 
acoustic field could not be  described by the linear super- 
position of a signal and harmonics  originating  from  the 
transmitter, even accounting for a  smaller  focal  region  and 
higher  focal  gain of the  second  harmonic  assuming  linear, 
diffraction limited focusing. 

Other  calculations  support the  case for observation of 

U = 1 shock  conditions. The  engineering  specifications 
for  the  Octoson [7] quote  a  typical  maximum  acoustic  out- 
put  of 4 pJ/pulse.  Assuming this  energy is transmitted 
over  a  pulse  length of 1 ps, and is  uniformly  output  over 
the  full surface  area of the  transducer, a  pulse  averaged 
source  intensity of 1, = 0.11 W/cm2 is obtained.  This is a 
factor of two  higher  than  the value predicted by theory  for 
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(C) 
Fig. 4. Compound  B-scan  images of a phantom  containing  internal  tar- 

gets, taken  at  increasing  power levels. TGC values  are  flat  over  the  entire 
scan, but  are  adjusted  to compensate  for  the  change  in  power  levels be- 
tween scans. Output  levels  are (a) 34 dB (b) 38 dB (c) 45 dB. 

weak shock  production. However, the  quoted 
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duction of additional  finite  amplitude  effects. The  system, 
in  effect,  has  returned to linear conditions. A slight  satu- 
ration effect occurs at  higher  power  levels, however. The 
transmit  gain control level in the  above  experiments was 
adjusted  to  compensate  for  power  output,  in  order  to 
maintain  uniform  image  brightness.  In  a  related  set of ex- 
periments,  the  change  in  transmit  gain  control levels be- 
tween 42 and 45 dB output  settings was found to  be less 
than  the  required  change  between 34 and 37 dB. However, 
since  the transmit  gain control  amplifiers have nonlinear 
compression  characteristics [8], this  comparison  is  not  ex- 
act. A detailed analysis of the RF signal  received by the 
transducer  under  varying power  output  conditions would 
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