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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 device.

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 _ u.___---ﬁ
/\ n Tor
manipulator were not received'\during the summer of 1979,  :r
Q
Consequently, the Principal Investigator devoted sod &
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himself to theoretical and computational problems of - - et
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interest of the Physical Acoustics Branch. The computer }‘"/
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experiments underway at NRL 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 Branach
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 ;
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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
to the Office of Naval Research in addition to
The new proposal was funded by ONR and the two
and the Principal Investigator returned to NRL

Summer of 1980 to continue the research.

proposal

publishing.

students

for the
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A Numerical Procedure for Calculating the
Integrated Acoustooptic Effect A

BILL D. COOK, SEntorR MEMBER, IEEE, EDUARDO CAVANAGH, anp 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-
1ribution 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 projeclion slice
theorem, an algorithm based on digital Fourier transforms calculates
the inlegrated optical effect without integralion. Demonstrations of
the influence of transducer geometry are shown for the integrated
optical effect and schlieren patterns based on this effect.

INTRODUCTION

HE OPTICAL methods for estimating field quantities,

such as pressure, of ultrasonic fields required a model of
the sound field. Often these were simplistic (collimated 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. ] shows a schlieren image, published by Oster-
hammel [1] 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 pattemns 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, v, z) ¢/’!, with the light
traversing in the 3 direction as shown in Fig. 2, the integrated
optical effect is defined as

v(-\‘-z)=‘2£'i fp (x,5,2) dy. m

Here X is the optical wavelength and « is the piezooptic coeffi-
cient. The integrated optical effect is thus a two-dimensional

phasor field v (x, z). !n 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 S, 1979; revised March [, 1980. This
work was supported in part by the Office of Naval Research in conjunc-
tion with the Physical Acoustics Branch, Navy Research Laboratory,
Washington, DC.

B. D. Cook and E. Cavanagh are with the Culien College of Engineer-
Ing, University of [louston, Central Campus, [ouston, TX 77004.

. D. Dardy is with the Naval Rescarch Laboratory, Washington, DC
2037s.
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Fig. I. Schlicren photograph of near field of a square transducer with
ratio of width to acoustical wavelength of 14.37, from Osterhammel
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Fig. 2. Diagram 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, Meltz, 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 {S] 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-
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COOK et al.: CALCULATING THE INTEGRATED ACOUSTOOPTIC EFFECT

surements on the axis values to compare with the theory of
Igenito and Cook [3). Berlinghieri and Cook [9] have also
calculated the v-field for a circular piston to test an inversion
algorithm to estimate the pressure p (x, ¥, z) from measured
values of v (x, 2).

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

Wk,)= f w(x) exp (ik,x) dx )

of the projection w(x), defined as

wi(x) = f fix,y)dy 3)

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

W (k)= F(ky, ky = 0). “

Consequently, a knowledge of a slice of Fourier domain
yields w (x) 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(ky, 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!“? 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

Plky,kyi2) =ffp(x,y,z) exp [-i(kyx +ky,p)] dx dy

)

and

p(x,y,Z)=('y1r)’ffP(kx,ky;Z)

-exp litk,x + kyy)) dk, dk, 6)
be a typical transform pair. Here p(x,y, z) is a phasor, as
previously defined, that satisfies the Helmholtz equation

Vip+kip=0 M

203

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

d*pP

—‘-1—27+(k2-k§.-k;,)P=0. (8)
A solution of (8) is

Pky, ky32)=Pky, kyi20)exp [-ik,(z - 2o)) ®

where k, = (k* - k2 - k})'/2. Thus, this approach permits cal-
culation of the field in the plane z from a knowledge of the
field in the plane zo. The quantity P(k,, ky; z) can be inter-
preted as the phasor description of plane waves with wave
vector (ky, k), k). It is noted that &, can be real, which
means that the wave propagates, or imaginary which infers an
evanescent wave.

Our intermediate objective is to find P(k,, ky; 2) from the
velocity distribution of the transducer. We started with one
component of the force equation

op Ay,
22 P 400
=-iwu, (for harmonic waves) (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(kkay;z)=(k/kz)pcuz(kkay;z) (1)

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

At this stage of the development, we know how to evaluate
v(x,z) from P(k,, 0;z) and to calculate P (k,, 0; z) at any
plane z from P(k,, 0;z,) which are related to a Fourier
domain description of the z component of the particle ve-
locity u,(k,, 0; o). To obtain u, (k,, 0:2,) from the given
particle velocity u, (x, v, zo), we again apply the Fourier pro-
Jection slice theorem. We take the projection of u; (x, ¥, Zo)
to be

U, (x,20) = f s (x, %, 20) dy (12)

where the y direction is chosen to be the direction of light
propagation. The one-dimensional transform of U, (¥, zo)
is U, (k,,0; 20) 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 U, (k,, 0: z,).

3) Divide by k, and the other appropriate constants to ob-
tain P(k,, 0: z,) as specified by (11).

4) Calculate P (k, . 0; z) at desired plane z using (9).
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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).
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Fig. 4. Computed local variation of pressure for a circular piston with
ka =10, from Meyer and Newman {11]. (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 kg = 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 field variations of v (x, z) for these configurations are
shown in Fig. 3. Assuming the rectangular transducer is square
the normalization v, = 4nka/\ 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 [10] 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, 2) allows one to calculate
photographs of schlieren patteras 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

Iy =J3 (v(x,2)) (13)

where Jo(v) is the zeroth order Bessel function of the first
kind. A logasithmic 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. Atlow levels, there is a correspondence be-
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(h) (h)

4 d)
@ Fig. 6. Computed bright field schiieren for rectangular transducer at
Fig. . Computed bright ficld schiieren for circular transducer at vari- various sound levels. (a)v =25 (byv=50. (c)v=7S5 dv=

ous sound levels. (a)v=2.5. yv=50. (c)v=125. (d)v=100. 10.0.
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(d)

Fig. 7. Computed bright field schlieren for square transducer on its
diagonal. (a) v=2.5. (b)v=5.0. (¢c)v=17.5. (d) v=100.
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Fig. 8. Computed dark field schlieren approximating the conditions
of Fig. 1 of a square Iransducer with ka = 45.2.

twecn the gray levels and the field valuc of v in Fig. 3. How-
cver, at higher sound levels, the nonlinear propertics of (13)

tcnds to make the patterns more complicatcd and less inter-

pretable. However, the spreading nature of the sound beam

becomes more cvident at the higher levcls.

An increasc of ka also changes the pattern. From the de-
scription of Osterhammecl’s experimental arrangcment and an
cstimation of the sound levcl, we have computcd the image
shown in Fig. 8 which is to be compared with Fig. 1. As onc
can sec, many of the geomctrical features are duplicated in the
calculated image. In fact, the computed image contains somc
gray arcas which are in the original photographs but have been
lost in subscquent photographic reproductions. For the pat-

tern shown in Fig. 8, ve 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 paiterns 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 projcction slice theorem and does not
requirc cxplicit integration. Implementation via FFT permits
rapid calculations of the integrated optical effect and schlicren
pattcrns,

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 PROCEPURE FOR CALCULATING THID INTEGRATED ACOISTO-OPTIC
(RAMAN-NATH) PARAMETIRR TOR THE ENT1REE SOUND FIFLD E

R1LL . COOK

) Cullen College of Engineering
Imiversity of louston Central Campus, llouston, Texas 77004

ABSTRACT

An impertant paramcter in aconsto-optics is the
so-called Ramn-Nath parameter which measuves the
integrated change of optical path produced by an
nltrasonic field, A straight- forwird procethne
has been developed for calculating this parameter
for the entive sound field for an arbitrary veloc-
ity profile and arbitrary configuration of a baf-
fled planer tvinsducer.  Ixamples will be shovn
for the square transdncer,  the technique is
limited to lincar acouwstics and the Raman-Nath
region of aconsto-optics interaction.

Vigme 1 shows the bagic optical arrangement for
viswlizing nltrasonie Cields.  The type of spa-
tial tiltering perfomed in phme o odictates the
type of pattern <cen in the image plane Py, Most
common types of Cilter choices are the following:

1. Pass only the zeroth onder

2. Block only the zeroth order

%, Pass only the Tirst difTraction
order

lowever, the complexity seen in the Schileiven pat-
tern depends on the soundficld and the integration
of the optical effect through this ficld, Figure
2 shows the complexity that ¢ occur in the photo-
praph,  In this case, the transducer is rectang-
nlar and supposedly moving as a piston, In this
paper,  we demonstrate that these patterns can be
theerctical by predicted by modeling the configme-
ation and movement of trinsducer, the optical
integration over the vesultant saund Tield ol

the spatial filtering. The mathematical details
of implementing these calenlations arve ontlined
clsewhere!.  llowever, it should be noted here that
the procedure for calculating the integrated

1979 ULTRASONICS SYMPOSIUM

optical effect is vapid as it is implemented hy
applying the fast fourier transform algorithms and
has nozigtcgration as given in other tech-

niques 2,

Basically, it involves taking the projec-
tion of transducer velocity in the direction of
light propagation; taking the fourier transfomm,
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 spucing without cxcess cost,

In the calculations shown, we have Qpp]icd
simple spatial Tilterving typically done 7. !
arbitrary choice for photographic film responsce
has been included to yield a halance of the gray
tones,

Figure 2 is taken from a 1941 paper by
Osterhammel™,  From the parameter given and
trial and error estimation of the sound level, we
show Tignre 3 as an example of the calenlation,
Many features shawn in Osterhamel's photograph
are reproduced inoonr compnter results,

A demonstration of the effect of the direcs
tion of light propagation to sound {ield has pre-
vionsly been published”, Tt is duplicated in
Figure 4. The light is propagating with res-
pect to the orientation ol a square transdncer
as illnstrated.  Fignre 5 shows the result of
calenlations with the same orientation but with
a dillTerent ka,
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Comparison of the experimeni | and theoretical pressure
fields in the nearfield of ultrasoiiic transducer-lens systems

P. L. Edwards”

Ihe Prapersiy of e Flordda, Pensacola. Florida 32504

Bili D. Cook®

-

—

Cullew Codi ge of Engencereng, Unieersiy of Houston, Central Campus, Houston, fixas 77004

Henry D. Dardy

IS Naval Research Laboraiory, Washington, 0. €. 20375
IRvcesed 22 Apnl 1980; accepted for publication 23 June 1980}

I ypemmental measmements of acnnstic pressire ficlds near the focal points of ultrasonic teansducer-lens

sastems are compaced o catenlations of a recently developred analy tie techmgue. This merthind incorporaies
the Presnel approxmmation 1e eapaml the field in terms of Gansaian-Lagnerie functions to calculate the

wonstie field tor arhitrary placement of a lens i ihe neaeficld of a circular itansducer. The predicted ficld
patiern svinmetnes near the focal cegion wath a lens located either at one focal distance or at the transdneer
face are confirmed by experimental measnrements made with a miicrnsphere probe.

'ACS nuahers: 43 "0 Ry

Recenly repoated vesults of Cavanagh and Cook'#
csbathich g melhend for caleulaling the acoustic pres-
cinre frelds m crnrular nltrasomic Lransducer~lens sys-
tems, talike cdhey technigues, this wielinel permils
the delo vimination of pressnree fiolds when a lens is
vlaccd at anarbitrary pasilicn on axis in the nearfield
af o crnculae pusten {roansdacer. These eddealalions
whicate that siemficant spatial field changes oceur in
the foeal vemion when e posaion af the lens shiflls, In
pervhicnlar, thee predivt spatial ssmamelrs of e field
abeait Mie foeal plane when e Tens is placed on focegl
Teeveeth P e transdneeryy similarly, with 1he lens
Tocatedd ol the snpface of the Transdneer, thes prediet
A prrecsae masinnm shifled towards the lransducor
Vot than b the genmeleic oceal poinl, This lasl fea-
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lure 1s 1 known fact of phvsieal oplics and has been con-
firmed experimentalty many limes.

0.15! !
i
w
(&)
2 H
r( ]
fos
w
a 00 |
- )
a 1 ]
Q
<
o [ |
H
0.15,
05 10 1.5 20
DISTANCE TROM LENS
0.1!): ’ C - il
I
- .
9 \
9 .
*
-
) |
o 0o I
)
i
O i
a1
(¢

0.1%

et =]

0% 1o s 20
DISTANCE FROM LENS

F1G, 4, Calenlated prossnre Trold e lens nevanted at trans-
thure o Taer mppery ot (b emo focal hztanee lrom {le trans-
dmer foae flowerr, Dinuenslons sre in inches

1980 Acinst Soe. A ; Letters 1o the £ ditar 1528

i




B e R i

w ~a_ :
4 \ /
= K \ {
Y " /
o 00} f- { PEAK
- v i
4 ’ ;['\ 5
Q : g
P 4
g: g ’ 0 N ,,'/ /
e S
( |/ i
\ R - -
IR Y nuw
{ - —at
. 1 i . r it J
e 08 10 12 14
DISTANCE FROM LENS
004}
| NULL
s
G | '
& no HEAK
-t
g
=)
b
x
1 NULL
00l J
na 10 12 T a
DISTANCE FROM { ENS
I I v aid iy e e Coppert o e ahent obeed
i tene e condots 5 Qo Tens noonded ot tomseheey | e,

tepe rnuertally easared values are here rompared

e caleutated cabes ol the treld m the vegion near the
tocal peant for ccemrenlar Fransdueer of 005 inaliam
cperataes b treaueney of 5.0 AUz A lucite Teas with
Advead Tepeth o Fane was veaced voaxially hath af the
Voot e faee and at one focal distimee froam the tran-
e ace, CThe resulting pressm e field was measured
D e g nacrosphere in rasterlike fashion through
P toasadl vecomg the tevhmgue, developed by Fdwards
ot oy, D atitizes the amplitude of the sratlered
vave e cneeeacie of the Beld styeanth ot the micro-
et focatpm CEnc BY s aevangenned  the miera-
phere s pocatioact af the focal point of the reeeiver
el both are iebl ot e bixed pocation darime the oy ae
b e csperintent, Ehe beansmitter and fens system is
peesitiomed socthat e mcrasphere interrogiates the
desnred vecion of the pressure field, The microsphere
loas o rachios ol appaoximatels 0,000 jn,, sulficient 1y
soll co that even the focused field presents essentially
vantt o liehl over the arvea of the sphere, A1 5.0
AU, e paronduet af waveronstbant and disimmeter, ka, s
e esimatels 050 The amplitnde of The seattered wive
1 therelore velatively andependent of The seallering
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FIG, A, Eixperimenta iy measared mppe v and coonpuited {haeny
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11, 5 Congartson of jeessure on teansdueer asts through
focal reglon, compaled for fens on lransdicer fooe e
fefty, imcosured with fens on face tipeper right), compmted with
fens at one focal JHstanee Qover 16O, and measared with fens
ot one focal distinee lower elpght),
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RADIAL DISTANCE
Ve v Aleasinngd € and compuler (-1 pressute in the plane
perpendhieotae 1o e foansmitier axis o (he poinl where the
axer] presorre s omasimum Lo (the ease where the lens s
mounted on the transdneer e,

ancles encounlered in the expernuenl.

ficure 2 illustyates the ealeutated fields for the lwo
hansdueey-lens ceometries. The top diagram illus-
trates the treld ohitgined far the lens pasitioned al the
transcireer fieey the <ame pattern can bie expected for
the sitaatice of g teansdacer with a enrved radiating
carface. the lower diagvam, for the lens posilioned
At one foncal leanth, Sndicates o sipnifieant stuctural
chamte occurs under these civrcumstances. In hoth
coses, e abgeigea measures the disltimee from the
lerns and the ordinate has been expanded (o show the
resnltant spatial detail, Mo differences in the high
e ree ot synmnret ey exlnbited tn e feever of the plots
ie o resatt af the compater seaphic eoutour routine
not ot theanalylic develojanent; i totl instaneces e
prees e peakoan Mhe divcranes s narmalized 1o 0.0 Jd13
el ttee contours chocen toomap 3 0<dB intervals. The
experimrental and calculaled values shown in the re-
roainime funres expand onlv the central region of these
dedarled plads,

Measared il coampuled pressure profiles for e
cate aheve the Lo s onnlead ol the Teiasdneer face
are cpven e Lie, X The peseoned cotang slracinee
e coeae st s g recmenl wailh the prediefed
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values; the expanded scale of presentation allows veri-
fication of 1he location of the pressure peaks and nulls.
In hoth diagrams, lhe conlour nearest Ihe peak is

~ 6.0 dB relalive 1o Ihe peak pressure; Ihe remaining
imervals are - 3.0 dB down {i.e., - 9.0dB, -12.0dB,
etc.). There is an experimenlal error of approximately
1.0 dB due to the nonlinear response of the measuring
eleclronic equipment,

Figure 4 shows the measured and computed contonrs
for the case where lhe acoustic lens is placed one focal
distance from the transducer fuce. The measured pres-
sure peak and nulls are again in good agreement wilh
Ihat of lhe calculation; the measured values verify the
high degree of symmelry expecled. Calculated and ex-
perimental pressure profiles along lhe transducer axis
in the region of the pressure peak are shawn in Fig. 5.
The upper-lefl curve shows lhe calculaled pressure for
a4 lens maunled on the source face, 1he upper right
shows the experimentally mieasured pressure. The
lower enrves repeal the process for the lens located
al 1he focal distance. The calculaled pressure curve
in the plane perpendicular to the axis al lhe point of
nraximum axial pressure, a dislance af approximately
0.96 in. fram the lens, is plolted in Fig. 6, along with
the experimenlally measured values.

Experimenlal evidence indicates that the nethod of
Cavanagh and Cook adequalely predicls the pressure
field of ultrasanic transducer-lens svstem. Calcula-
tioms, performed point far paint with The Gaussian-
Lagaerre alparvitinn, allow for guick compulation, The
results autlined in this work assume 1he lens large
compared to The width af lhe sound team, The analvlic
formutation has heen extended la prodict the ficld for
finite size lenses, Addilionally, The experimental evi-
denee presented indicates the utility of theemic resphere
protie ty spatially nep with igh vesatution and precis
ston the fields encounler in focused ultrasaund.
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o the cnperient, CThe transmatter aml bens syatem s
peosttioned socttat The nuerasphere inlervoag the
sl oot the pressure feld, The mic lere
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