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Plane Wave (Fraunhofer) Approximation
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Plane Wave Approximation
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Plane Wave Approximation

In general

1 .2,
U(xy,y,) = zexp(J THZ)F[S()(,}J)]"{r

Example

s(x,y) = rect(x/D)rect(y /D)

U(xg.y,) = 1exp(jkz)D2 sinc(Dk,) sinc(Dky)
z

1 . 2. Xo oo Y
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Zeros occur at x, = % andy, = %

Beamwidth of the sinc function is %
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Example

Sidelobes

ML L

h X, , \V/ ¥ ” " Xy
D L Main lobe Grating lobe

rect(%)[rect(%) . %comb(%)] < Dsine(Dk,) #[dsinc(dk, )comb(dk.)]

Question: What should we do to reduce the sidelobes?
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Huygen’s Principle
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Huygen’s Principle

Aperture function Field amplitude

U(xpy1) U( X0, ¥o)

Wavenumber
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Small-Angle (paraxial) Approximation

—_————
ror = V2% + (21— 20)? + (y1 — w0)?

Yi Yo
Aperture function Ficld amplitude
Ulxp.y1) U(x0, ¥o)

cos(T, To1) = 1
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h(wo, yo; x1, 1) = e exp(jkror)
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Fresnel Approximation

ro1 =22+ (21 — 20)2 + (y1 — w0)2
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Approximates spherical wavefront with a parabolic phase
profile
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Fresnel Approximation

jkz ik 2
Ulxgy0) = ff%e"p(i((’ﬂ - -’Cn)z +(n =) ))S(-’Cl'Y\)‘b‘\dyl

jkz, jk
e (LR s |

z

TT Liu, BE280A, UCSD, Fall 2005

Fraunhofer Approximation
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A ume this term
is negligible.
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Fraunhofer Condition

Phase term due to position on transducer is —(tf + y,z)
Far-field condition is

ZLZ(XE +y|2)<<1

z >>§(,\',2 + ),2) =%(X]2 + yf)

For a square DxD transducer, x; + y} = D* /4
w0
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Fraunhofer Approximation

. exp(jkz) exp [%Ué + yr'i)} % jor
Ulzo, yo) = S va— // Ulzy,y1)exp [* ?\’Ion + l/o,m)] drydy;

Quadratic phase term

Fourier transform of the
source with
X,
k=20 g, = Yo
Az T Az
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Transducer Dimension

Goal: Operate in the Fresnel Zone
z<D*/A

Drrpr = )“zmax

Example
Zax =20 cm

A=0.5 mm
D =1lcm

opt
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Focusing in Fresnel Zone

Uty - [ 2R v(f (5 030t

k:
,ff”fj’_;f )exp(éf x4 37) 4 (334 32) 2, + v, ))x )y,

=SSP ) 2D 25 ) e s+ 50) s,

S

Use time delays to compensate for this phase term
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Focusing in Fresnel Zone

Uxy,y0) = CXkaZ) xv(2 (x +>U)) [eXP(gk(xl +3i ))S(xp,vl)]

ik [
Make  s(x,y,) = Su('\‘w,v.)CXp(-zjf_(x\' + ,V.Z)]

<0

At the focal depth z =z,

30+ 2288 o (1) )]
0

0

Beamwidth at the focal depth is: %
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Acoustic Lens

Zy

c>cy

TT Liu, BE280A, UCSD, Fall 2005




Depth of Focus

When z = z,, the phase term is A® :cxp[—zj—k(x,z + ys)jcxp(—éfk(x,z + \f))

2o

and the lens is not perfectly focused.

Consider variation in the x - direction.
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For transducer of size D, % = [i
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The larger the D, the smaller the depth of focus.
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Focusing with Phased Array
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Focusing and Steering
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Dynamic Focusing

Delays

vz S Scattering event
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