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The proposed research was to apply the principles 

of computer aid tomography to acousto-optic data for the 

purpose of investigating sound radiation and scattering. 

The principal investigator had previously developed 

the theory and logic but lacked the facilities, namely 

for computer acquisition, mass storage, display of the 

large amounts of information involved.  The objective 

of this contract was to allow the principal investigator 

and colleagues at the Navy Research Laboratory, 

Washington, DC to implement the necessary hardware and 

computer algorithms during the semester of 1979.  The 

Physical Acoustics Branch of the Naval Research Laboratory 

had both the acousto-optic facilities and the on-line com- 

puter system.  Upon submission of the proposal, the 

principal investigator sent to the scientific personnel at 

NRL, the requirements for the manipulation of the acoustic 

radiating system.  The personnel there designed a 

manipulator and ordered the required parts to build 

the dev ic e. 

The plan of action was for the principal investigator 

to become familar with the computer system while the 

manipulator was being built.  The parts required for the — 
,\ -n Tor        / 

manipulator were not received1during the summer of 1979.   *i 

a 
••••"   a 
• Ion  

himself to theoretical and computational problems of 

Consequently, the Principal Investigator devoted 

interest of the Physical Acoustics Branch.  The computer 



experiments underway at MRL pertaining to acousto-optics 

and radiation of sound fields. 

ACOUSTO-OPTICS 

In as much as tomography may be considered as the 

inversion of a scattering process, the Principal Investi- 

gator developed an algorithm to calculate the direct 

process of scattering of light by ultrasound.  The 

algorithm is novel in that, one needs only to specify the 

nature of radiating acoustic transducer and many of the 

observed acousto-optic phenomena can be predicted and 

graphically displayed.  Attachment A and B are publications 

resulting from this activity. 

FOCUSED ULTRASONIC FIELDS 

An ongoing activity on the Physical Acoustic Branch 

of NRL was experimental exploration of focused ultrasonic 

fields.  The Principal Investigator had recently super- 

vised a PhD student on the theory of such fields.  A 

joint experimental and computational effort was made 

to validate the theory.  Attachment C is a publication 

which shows the success of the activity. 

ACOUSTO-OPTIC TOMOGRAPHY 

The contract was extended to May 1980 to allow the 

Principal Investigator to publish the material and 

 • 



continue his theoretical investigation at the University 

of Houston.  During this period he developed a new 

theory of data acquisition for acousto-optic tomography, 

trained two undergraduates and submitted a new proposal 

to the Office of Naval Research in addition to publishing 

The new proposal was funded by ONR and the two students 

and the Principal Investigator returned to NRL for the 

Summer of 198 0 to continue the research. 

—. 
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A Numerical Procedure for Calculating the 
Integrated Acoustooptic Effect £ 

BILL D. COOK, SENIOR MEMBER, IEEE, EDUARDO CAVANAGH, AND HENRY D. DARDY, MEMBER, IEEE 

Abstract -The integrated optical effect of light passing through an 
ultrasonic field can be numerically calculated from the velocity dis- 
tribution assigned to a planar transducer. The theory is developed for 
linear acoustics, nonabsorbing media, and normal incidence of light. 
As a consequence of the application of the Fourier projection slice 
theorem, an algorithm based on digital Fourier transforms calculates 
the integrated optical effect without integration.  Demonstrations of 
the influence of transducer geometry are shown for the integrated 
optical effect and schlieren patterns based on this effect. 

INTRODUCTION 

THE OPTICAL methods for estimating field quantities, 
such as pressure, of ultrasonic fields required a model of 

the sound field. Often these were simplistic (coilimated plane 
waves) but very useful. In reality the light usually passes 
through the near-field region of the ultrasonic transducer. The 
multitude of schlieren photographs in the literature give testi- 
mony to the complexity of the effect of the near field. For 
example. Fig. 1 shows a schlieren image, published by Oster- 
hammel (11 in 1941, of the near field of a square transducer. 
The intricate pattern was explained by Osterhammel as inter- 
ference of planes waves from the face of transducer and circu- 
lar waves from the edge; this theory does not permit quantita- 
tive calculations and is not extendable to other geometries. 

Schlieren patterns such as is shown in Fig. 1 can be com- 
puted provided the field parameters of the integrated optical 
effect are known. At low ultrasonic frequencies, the interac- 
tion of sound and light can be described by one parameter, 
the so-called Raman-Nath parameter v [2]. For a three- 
dimensional pressure field p(x,y, z) e,u", with the light 
traversing in the>' direction as shown in Fig. 2, the integrated 
optical effect is defined as 

• 2) = -T- )p[x,y,z)dy. (1) v l.r. 

Here X is the optical wavelength and K is the pie/ooptic coeffi- 
cient. The integrated optical effect is thus a two-dimensional 
phasor field v (x.z). In this paper a computation procedure is 
presented for calculating v (x.z) when the motion of the trans- 
ducer is specified. The procedure is straightforward and eased 

Manuscript received December 5, 1979; revised March 1, 1980. This 
work was supported in part by the Office of Naval Research in conjunc- 
tion with I he Physical Acoustics Branch. Navy Research Laboratory. 
Washington, DC. 

B. D. Cook and F. Cavanagh arc with the Cullcn College of Engineer- 
ing, University ol Houston. Centra) Campus, Houston. TX 77004. 

II. D. Dardv is wnh the Naval Research Laboratory. Washington, DC 
20375. 

Fig. 1. Schlieren photograph of near field of a square transducer with 
ratio of width to acoustical wavelength of 14.37, from Osterhammel 
111- 

TRANSDUCER 
IN THE PLANE Z„        / 

ACCOUSTIC PRESSURE 
0l*,y,z) IN THE PLANE 

PATHS  OF 
OPTICAL 
IN'EGRATION 

Fig. 2.  Diagjjm showing geometry. 

by utilization of the standard one-dimensional Fourier trans- 
form which yields the field v {x. z) at a given z as a one-step 
process. 

Analytic solutions and numerical procedures have been at- 
tempted on the problem previously. Ingenito and Cook [3] 
have given an exact formulation for piston-like motions of the 
transducers with on-axis values given in approximation for a 
circular, rectangular, and square piston on its diagonal. 
Maloney. Melt/., and Gravel |4) have treated the square trans- 
ducer with the Fresnel approximation. Their experimental 
measurements in solids agreed with theory for both axial and 
transverse profiles. Crandal [5] also made computations and 
measurements with emphasis on phase measurements for 
sound velocity measurements. Haran, Cook, and Stewart [6] 
have used the theoretical results for comparing optical calibra- 
tion of a circular transducer with a radiation pressure tech- 
nique. Riebold et al. |7). (8| have also made careful mea- 

0018-9537/80/0400-02O2SO0.75 © 1980 IEEE 
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surements on the axis values to compare with the theory of 
lgenito and Cook [3). Berlinghieri and Cook [9] have also 
calculated the u-field for a circular piston to test an inversion 
algorithm to estimate the pressure p (x,y, z) from measured 
values of v(x, z). 

The procedure presented here allows calculations throughout 
the near field including the adjacent region to the transducer 
where the pressure field and integrated optical effect can vary 
significantly with a small change of position. The only limita- 
tion in calculating the complete field appear to be those con- 
nected with the normal utilization of digital Fourier trans- 
forms. 

THEORY 

The procedure that is to be developed is based on the appli- 
cation of the Fourier projection slice theorem in conjunction 
with the Fourier technique of solving the scalar wave equa- 
tions. Briefly the Fourier projection slice theorem states that 
the one-dimensional transform 

W{k ."£ w(x)exp (ikxx) dx 

of the projection w(x), defined as 

w(x)= J    f(x.y)dy 

is equivalent to the two-dimensional Fourier transform 
F(kx, ky) with kv = 0. In other words it states 

W{kx) = F{kx,ky = Q). 

(2) 

(3) 

(4) 

Consequently, a knowledge of a slice of Fourier domain 
yields vv(jt) upon the inverse transform. The theorem is to be 
applied to (1) which is now recognized as the form of a pro- 
jection integral. Thus the scheme is to find the Fourier slice 
P(kx, ky = 0; z) corresponding to the local value p(x,y, z) of 
the pressure produced by a given normal particle velocity 
u(x,y;z = 0)e,u" of the transducer; and then numerically 
compute the inverse transform. 

A common method of approaching scalar radiation problems 
is by resolving the field parameter, i.e., pressure, velocity po- 
tential, etc., into a system of plane waves with two-dimensional 
Fourier transforms. For example, let 

•//' 
P(kx,ky;z) = I \p(x,y,z)exp [-/'(kxx + kyy)\ dx dy 

(5) 

and 

p(x,y,z) = (lfir?jjp(kx,ky-z) 

• exp [i(kxx + kyy)\ dkx dky 

be a typical transform pair. Here p (JC, y, z) is a phasor, as 
previously defined, that satisfies the Helmholtz equation 

V3p + *V = 0 

(6) 

(7) 

as in the case of linear nonabsorbing acoustic waves. Sub- 
stituting (6) into (7), one can obtain 

d2P 
k2y)P=0. (8) 

A solution of (8) is 

P(kx,k/,z) = P(kx,ky;z0)exp [-&,(*- z0)] (9) 

where kz - (k
1 - k\ - fc«)    • Thus, this approach permits cal- 

culation of the field in the plane z from a knowledge of the 
field in the plane z0. The quantity P(kx, ky; z) can be inter- 
preted as the phasor description of plane waves with wave 
vector (kx.ky, kz). It is noted that kz can be real, which 
means that the wave propagates, or imaginary which infers an 
evanescent wave. 

Our intermediate objective is to find P(kx, ky\z) from the 
velocity distribution of the transducer. We started with one 
component of the force equation 

dp du 
—fi dz dt 

= -iu>uz      (for harmonic waves) 

(10a) 

(10b) 

where the z axis is in the direction normal to the transducer 
surface and p is the density of the medium. Substituting (9) 
for the pressure and a similar expression for the particle ve- 
locity into (10) one can find 

P(kx.ky; z) = (k/kz) pc U2(kx,ky-z) (ID 

where c is the velocity of sound. Equation (11) is the plane 
wave relationship between pressure and particle velocity; the 
term (k/kz) in the secant of the angle between the direction of 
propagation of the plane and the z direction when it, is real. 

At this stage of the development, we know how to evaluate 
v(x,z) from P(kx,0;z) and to calculate?^, 0;z)at any 
plane z from P(kx, 0; z0) which are related to a Fourier 
domain description of the z component of the particle ve- 
locity u2{kx,0;z0). To obtain uz{kx, 0;z0) from the given 
particle velocity «.(x.^,z0), we again apply the Fourier pro- 
jection slice theorem. We take the projection of uz {x.y. z0) 
to be 

V,<x, zo)=j u, (x,y,z0)dy (12) 

where the>> direction is chosen to be the direction of light 
propagation. The one-dimensional transform of Üz {x. :a) 
is Uz (kx,0; z0) our desired result. 

Thus the procedure for calculating the field v(x. z) is as 
follows. 

1) For a given direction of light propagation with respect to 
transducer geometry, calculate the projection of velocity 
by (12). 

2) Numerically compute the one-dimensional Fourier trans- 
form to find Vz (kx, 0; z0). 

3) Divide by kz and the other appropriate constants to ob- 
tain P{kx, 0; z„) as specified by (11). 

4) Calculate P(kx, 0; z) at desired plane z using (9). 

Ml 
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Fig. 3. Computed integrated optical effect (normalized for ka = 10. 
(a) Circular transducer, (b) Rectangular, (c) Square on diagonal. 

5) Compute the inverse one-dimensional transform to 
evaluate v(x,z). 

To calculate at alternate distance z from the transducer, re- 
peat steps 4) and S). 

 ••   r/R 

Fig. 4. Computed local variation of pressure for a circular piston with 
ka = 10, from Meyer and Newman [111. (Courtesy of Academic 
Press). 

RESULTS 

Using the procedure described above we have calculated the 
integrated optical effect for a circular, rectangular, and square 
transducer on its diagonal with ka = 10. The dimension a is 
the radius of a circular transducer, half the length of a side of 
the square transducer and half the length of the rectangular 
transducer perpendicular to the direction of light propagation. 
The fielii variations of v(x, z) for these configurations are 
shown in Fig. 3. Assuming the rectangular transducer is square 
the normalization v0 = 4ma/\ has been applied for all of these 
configurations. 

The field variations are observed to be considerably different 
in three configurations. The rectangular transducer has the 
largest variations, the circular next and the square on the di- 
agonal being the most uniform. The results agree with the ob- 
servations by Cook and Ingenito [10J and the calculations 
along the axis of Ingenito and Cook [3]. 

The variation in the integrated optical effect are not as large 
as the variations in the local value of pressure. Fig. 4 shows 
the variation in pressure generated by a circular transducer of 
ka = 10 for comparison with Fig. 3(a). 

Having the field values of v(x, z) allows one to calculate 
photographs of schlieren patterns from first principles. To 
demonstrate how the transducer geometry and sound level af- 
fects the schlieren, we present a series of computed schlieren 
patterns. The spatial filter of the schlieren was chosen to pass 
only the zeroth diffraction order. The patterns were calcu- 
lated by assigning each point in relative intensity 

I0=Jl(v(x,z)) (13) 

where J0(v) is the zeroth order Bessel function of the first 
kind. A logarithmic response of the film was assumed and a 
gray scale assigned. Figs. 5, 6, and 7 correspond to the fields 
of Fig. 3(a), 3(b), and 3(c) at various sound levels. In each 
case the value of v listed is the maximum value found any- 
where in the field. At low levels, there is a correspondence be- 
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(d) Fig. 6. Computed bright field schlieren for rectangular transducer at 
Fig.'   Computed bright field schlieren lor circular transducer at vari- various sound levels,  (a) l'=2 5. <b)i'=5.0. (c)i'-7.5. <d)ti = 

ous sound levels   (|)«>].5.  (b)i'=S.O. (c) v " 7.5. (dlti=IO.O. 10.0. 
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Fig. 1. Computed bright field schlieren for square transducer on its 
diagonal. (a)i>=2.5. (b)i>=5.0. (c)i» = 7.5. (d)u=10.0. 

I 
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Fig. 8.  Computed dark field sclUieren approximating the conditions 
of Fig. 1 of a square transducer with ka - 45.2. 

tween the gray levels and the field value of v in Fig. 3. How- 
ever, at higher sound levels, the nonlinear properties of (13) 
tends to make the patterns more complicated and less inter- 
prctable. However, the spreading nature of the sound beam 
becomes more evident at the higher levels. 

An increase of ka also changes the pattern. From the de- 
scription of Ostcrhammcrs experimental arrangement and an 
estimation of the sound level, we have computed the image 
shown in Fig. 8 which is to be compared with Fig. 1. As one 
can see, many of the geometrical features arc duplicated in the 
calculated image. In fact, the computed image contains some 
gray areas which are in the original photographs but have been 
lost in subsequent photographic reproductions. For the pat- 

tern shown in Fig. 8, je have chosen a spatial filter that passes 
only the first diffraction orders. Consequently, intensity as- 
signed to each point is the square of the first-order Bessel func- 
tion with the argument v. Other schlieren patterns are shown 
elsewhere {11]. 

CONCLUSION 

From first principles it is possible to calculate the integrated 
optical effect for any given transducer configuration in the 
Raman-Nath region. The numerical technique results from 
application for Fourier projection slice theorem and does not 
require explicit integration. Implementation via FFT permits 
rapid calculations of the integrated optical effect and schlieren 
patterns. 

This procedure can be adapted easily to other configurations 
such as focused transducers, imperfect transducers, zone 
plates, and shaded transducers. 
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A PROCEDURE FOR CALCULATING TIIF. INTEGRATED ACOUSTO-OPTIC 
(RAMAN-NAT! I) PARAMETER PC» THE BJTIRE SOUND FIELD ß 

BILL P. COOK 

Cullcn College of Fngineering 
University of Houston Central Campus, Houston, Texas 77004 

u 

ABSTRACT 

•\n important parameter in acousto-optics is the 
so-called Raman-Xath parameter which measures the 
integrated change of optical path produced by an 
ultrasonic Field. A straight-forward procedure- 
has been developed lor calculating this parameter 
for the entire sound field for an arbitrary veloc- 
ity profile ami arbitrary configuration of a baf- 
fled planer transducer. r.\amplcs will be shown 
for the square transducer.  Fhe teclinique is 
limite.l to linear acoustics ami the Raman-Ninth 
region of acousto-optics interaction. 

Figur« I shows the basic eptieal arrangement for 
visualizing ultrasonic fields. The type of spa- 
tial filtering performed in plane r. dictates the 
type of pattern seen in the image plane 1*4. Most 
omnon types of filter choices are the following: 

1. Pass only the ::eroth order 
2. I'.leek only the ::eroth order 
3. I'ass only the first diffraction 

ordei 

However, the complexity seen in the Sehleiten pat- 
tern depends on the soundfictd and the integration 
"I the optical effect through this field. Figure 
2  shows the complexity that can occur in the photo- 
grapll.  In this ease, the transducer is rcctang- 
lll.ll ami supposedly moving as a piston.  In this 
paper-, we demonstrate that these patterns can he 
theoretically predicted by mode-line the configur- 
ation and movement of transducer, the optical 
integration ovei the- resultant sound field and 
the spatial filtering. The mathematical details 
of implementing these calculations are outlined 
elsewhere'. However, it should nc noted here that 
the procedure for calculating the integrated 

optical effect is rapid as it is implemented by 
applying the fast fourier transform algorithms and 
has no7iqtegration as given in other tech- 
niques'"' . 

Basically, it involves taking the projec- 
tion of transducer velocity in the direction of 
light propagation; taking the fourier transform, 
dividing by the cosine of the angles of plane 
wave assigned to resultant transform variable , 
accounting for propagation with a phase term and 
taking the inverse fourier transform. As these 
are one dimensional transforms, one can calculate 
the field with close spacing without excess cost. 

In the calculations shown, we have applied 
simple spatial filtering typically done -. An 
arbitrary choice for photographic film response 
has been included to yield a balance of the grav 
tones. 

Figure 2  is taken from a 1941 paper by 
nsterhammel '.  from the parameter given and 
trial and error estimation of the sound level, we 
show Figure 3 as an example of the calculation. 
Many features shown in Ostcrhammcl's photograph 
are reproduced in miv  computer results. 

A demonstration of the effect ol the direc- 
tion of 1 ight propagation to sound field has pre- 
viously been published .  It is duplicated in 
Figure 1.  fnc light is propagating with res- 
pect to the orientation of a square transducer 
as illustrated. Figure 5 shows the result of 
calculations with the same orientation but with 
a <l i ffcrcnt ka. 
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Comparison of the experimenl »I and theoretical pressure 
fields in the nearfield of ultrasonic transducer-lens systems 

P. L Edwards" 

/ he I '«jhvv/r of H p'U HmAt /Vnwro/o. HufWa J2.W ^-~~ 

Bill D. Cook" 

füllen Crikve of Rnxtneering, Vmrenity of Houston, Central('ampin, Houston. Texas 77txj4 

Henry D Dardy 

V S Samt Rtuanh iMborutorv. Washington. D C. 20373 
(Received 22 April 1980; accepted for publication 2? June 1980) 

I tprrimental measurements o\ acoustic pressure fields near the focal points of ultrasonic transducer-lens 
tvAtctm are compared to calculations of a recently developed analytic technique. This method incorporates 
the Frrsncl approximation to expand the Held in terms of <»aussian-Lagucrrc functions to calculate tlie 
i.'Mislic field tor arbitrary placement of a lens in the nearfield of a circular transducer. The predicted field 
pat lern symmetries near the focal region with a lens located either at one focal distance or at the transducer 
face are confirmed by experimental measurements made with a microsphcre probe. 

I'ACS numbers 41 "WR/ 

1 Itcceiiify reported results of C.iv.iii,ii;li and Cook',J 

«"il.ililish .i method for caiculal inn (he acoustic pres- 
sure fit-Ids in circular ultrasonic I ransducer—lens Sys- 
tems.   Cntiko other techniques, Iltis mcthorl permits 
Ihr di i' rmiuati'ui <>f pressure fields when a lens is 
placed  it .in arbitrary position on axis in the nearfield 
>>( j riii-itiai insiini transducer.   These calculations 
indicate lhal sie.niffcanl spatial field changes occur in 
the focal region «hen the position of Ilic lens shifts.   In 
particular, the'  predict sp.iii.il symmetry «f the Held 
.11•'•>11 iin- focal ulane when the lens is placed on focal 
lem:tli from llu  i ransducci; similarly, with the Ions 
I'»cat»MI  'i Ihe surface »f the transducer, thev prediet 

i pressi if maximum shifted towards the transducer 
i ithei tli.in .il the geometric focal point.   This last fea- 

ture is a known fact of physical optics and has been con- 
firmed experimentally many limes. 
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PIOSMIU nlmirs tor lens nvmnlril nl one focal 'li^laner From 

transducer face. 

I -i" 111•!• • 11•.111 •.  measured values are here compared 
• nil i ilriil iii 'I values   'l I'"' IH'I'I in Ihr region »far the 
liic.il |i nil for i Piiml.ir transducer nf 0.S in. diam 
i v< i lim''   il   i li i -Min ni'v öl S.O Mil/.    A lnrilc Ions uilh 

i li«1 il length   t 1 in. was placed cnaxlnlly Imih .il the 

ii   n rti iii' (.Hi- and .il   'ii" focal distance from llio li.in- 

»hin •  I.« r.    I In' resulting pressure field was measured 

!>•. rinn in" .i nun'. .|i|iriv in raslerllke fashion through 

"ii  lnr.il WT"'I; Ihe technique, developed by Edwards 

IM.i 111 ,'\ n Li.     ittilly.es tin  amplitude o| I lie scattered 

"  m    I*I   i NI»' i' me "f Ihe lli'ld strength al lire intern- 

. I'll.-1. im at ion (I I?'. II   In Ibis arrangement, Ihe miero- 

plii 11   IN 11 • -it MIM 11 ,ii Ihe fi>cal punt n| the receiver 

nut biilti   Mr held   ii   i liM'il |"i  il Mil dm in:' the course 

"I I In- i \|H i i mi ni.    Ihe 11 .ins mil Irr and li'ti*- NVSti in  Is 

!'••   il i.'in il so that Ihr nuri"'-|iliri'i' Interrogates the 

iii    nid region "I Ihe prossuie field.   The mir rosphci e 

hi'   .i i i'li'i'.   "I .i|'|Mii\im.ilrlv 0.001  in.,  suffieicnlh 

'i' ill • " lh.ll even Ihr Incused field presents essentially 

i '.mil M in tii'lil   "wi I In- area "f the sphere.   Al S.fl 

Mil-,   ihe pi "'linl of« ivpcmslanl and diameter.  k,i.   m 
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i Ki   ••    Mi'isiirnl (   i  w<! computer (-) pressure in the plane 
I»•• pmdie >l IT  In tho It ilisinillei   IXIS   it the point where tho 
I\I >\ pies iiirr is .1 itriMiiiiiin I'M  Hip vx*v where tho Ions is 
mounirc! on the transcfetcei face. 

.inch's encountered in HIP experiment. 

Figure 2 illustrates tho calculated fields for the two 
transducer-lens geometries.   The top diagram illus- 
tral< - tin- ftold obtained fur the lens positioned at HIP 

II in- •tin. • i face; tlie same pattern can lip expected for 
(lie situation of i transducer with a curved radiating 
surface.    I lip lower diagram,  for HIP lens positioned 
i' 'in' focal IPII'.'.III.  indicates .i significant structural 
change occurs utvlci these circumstances.   In both 
cases, the abscissa measures HIP distance from HIP 

loiv; ami the onfimttc lias been expanded to show Hie 
result.ml spatial detail.   Minor differences in HIP high 
decree <t| svmmetn exhibited in HIP lower of HIP plots 
i'   i M   'ill "i tin- i-r inp'itei ",r ipiiic contour routine and 
n"t oi Hu  ana! vile I!I vi'lopment; in both instances Ihe 
pre-    'in' pi'.i'. in (In   (li.ii'.f.iins is normalized to 0.0 <|U 

,ind the contours chosen to map 3.0-dB intervals.   Tho 
experimental and e.ilcul ,tlod values sh"'.\n in the fe- 
rn onin:: fiimtp^ expand only the central region of these 
detailed plois. 

Measured ind ( piiied pressure profiles for Ihe 
e i  •    ihiii' (In   du    e   mounted   it Hie transducer I.ice 
.oi-    i' i M in I ir   :i     I In- measurer I rotifoiir si met me 
III 'In     (   .   e   p.   in  I  .ll'.leeliielll   ttllll Ihe piedieled 

  

values; the expanded scale of presentation allows veri- 
fication of the location of the pressure peaks and nulls. 
In both diagrams,  the contour nearest the peak is 
- 6.0 dB relative to Hie peak pressure; the remaining 
intervals are - 3.0 dB down (i.e.,  - <t.O dB,  - 12.0 dB, 
etc.).   There is an experimental error of approximately 
1.0 dB dim to the nonlinear response of the measuring 
electronic equipment. 

Figure 4 shows the measured and computed contours 
for (he case where the acoustic lens is placed one focal 
distance from the transducer face.   Ihe measured pres- 
sure peak and nulls ,ire again in good agreement with 
that of the calculation; Ihe measured values verify the 
high degree of symmetry expected.   Calculated and ex- 
perimental pressure profiles along the transducer axis 
in (he region of the pressure peak are shown in Fig. 5. 
The upper-left curve shows the calculated pressure for 
a lens mounted on the source face, the upper right 
shows the experimentally measured pressure.   The 
lower curves repeat the process for the lens located 
at Hie focal distance.   The calculated pressure curve 
in Ihe plane perpendicular to the axis at Ihe point of 
maximum axial pressure,  a distance of approximately 
0.06 in. from the lens,  is plotted in Fig. 6, along with 
the experimentally measured values. 

Experimental evidence indicates thai Ihe method "f 
Cavanagh and Cook adequately predicts Ihe pressure 
fipld of ultrasonic transducer-lens system.   Calcula- 
tions, performed point for point with tho Ciaussian- 
I.agucrrc algorithm,  allow for quick computation,   The 
results outlined in this work assume the lens large 
compared to the width of the sound beam.   Tho analytic 
formulation has been extended to predict the field for 
finite size lenses,   Additionally, the experimental evi- 
dence presented indicates theutililvof the mierosphere 
probe ID spatially map with hic.li resolution and preci- 
sion the fields encounter in focused ultrasound. 
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