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Single-slit Diffraction
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Plane Wave Approximation

In general
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Beamwidth of the sinc function is )
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Huygen’s Principle
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Small-Angle (paraxial) Approximation

ror = V22 + (21 — x0)? + (y1 — y0)?
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Fresnel Approximation

ror = V22 + (1 — 20)* + (Y1 — y0)?
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Approximates spherical wavefront with a
parabolic phase profile
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Fresnel Approximation

exp Jkrm S(xl’yl)dxldyl
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Fresnel Zone

jkz ik 2
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Phase across transducer face
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Fraunhofer Condition

.. . k
Phase term due to position on transducer is Z—(xf + yf)
z

Far-field condition is

z—kz(xf + yf) <<l

22> S (5 +07) = T 4 )

For a square DxD transducer, x; + y; = D* /2
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Fresnel Zone
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Focusing in Fresnel Zone
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Focusing in Fresnel Zone

exp(jkz) (}k 2, .2 ) (Jk 2, .2 )
U(xy,y,) = ———=exp| — F —
(X9:Y0) e exp % (x0 + yo) exp % (x1 + yl) N

Make

At the focal depth z =z,

ik: ik
U(xp.y) = %A’Z()Z'@)exp(;fzo(% + yé))F [s(x )]

Beamwidth at the focal depth is: %
- LI
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., Acoustic Lens

c>c
At the focal depth z =z,
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Depth of Focus

When z = z,, the phase term is A® = exp(-zj—k(x,2 +y; ))Cxp(-;—
2y
and the lens is not perfectly focused.

Consider variation in the x - direction.
2
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2 \z gz,
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For transducer of size D, 5 =—

8
(11
41 \z z,
41 A Az A

< n«DZ ~ E = Z < E
The larger the D, the smaller the depth of focus.

If we want [AD| = <1 radian then
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Focusing with Phased Array
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Focusing and Steering

Transmi

Delays
pulse

Transmit
pulse

Transducer array

T
( \, [1] ot
;?

Direction of
plane waves

- AT
ﬂn [ (=
A, (= A\ (=3
vn = ! VA (=3
k| I o

A, Iy fy

; . A .

. I ,

A ,‘ I .

LA ; If .

v v
(a) (b)
TT Liu, BE280A, UCSL

Prince and Links 2005

Dynamic Focusing
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Doppler Effect

transducer
(frequency )

Doppler frequency (fdj=2. ft. V. cos L
¢

P fd - doppler shift

7 _~ C-isspeedof sound in tissue

= ft - transmited beam
W - velocity of the blood
0 - angle of incidence hetween the ultrasound
heam and the direction of the flow

Higher Doppler frequency obtained if:

- velocity is increased

- beam is more aligned to flow direction
- higher frequency is used

flow velocity = V/

http://www.centrus.com.br/DiplomaFMF/SeriesFMF _0Lhtm
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Doppler Effect

B PAY IS _ PAY

c—=V Cc

Af

Example

v =50 cm/s

c= 1500 m/s
fO=5 MHz

27 _ 3333 Hz
c
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CW Doppler
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CW Doppler
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CW Doppler

Resolution Af =1/T,,

LN e
2f0 27;;!uf0
Example

Design goal: Av=5cm/s; f,=5 MHz

7o _ 1500m/s
™28, 2(0.05m/s)(5x10°

=3ms
)

Note that for a depth of 15 cm, it takes only
200 usec for echos to return.
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PW Doppler
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Doppler Sample

blood vessel
volume

http://www.centrus.com.br/Di

TT Liu, BE280A, UCSD, Fall 2007

_0Lhtm

PW Doppler

transducer

descending
aorta

http://www.centrus.com.br/Di i ppler/capi
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Siemens Medical Systems: jnormal common carotid artery

Aliasing
Measure Doppler shifts at a specified range
For unambiguous range, one pulse at a time.

Tog = 2r‘¢ (e.g. 200 usec for 15 cm depth)
A

To avoid aliasing require
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Af

Aliasing

Aliasing

hitp://www.centrus.com.br/DiplomaFMF/SeriesFME/
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Aliasing
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PW Doppler

Velocity Resolution (same as with CW)

Toes > L -
Af 2AVf,

Range Resolution

CTpulw

Want to interrogate velocities from a small region Az =

We also need to make sure that particles remain within this region
over the observation time T,

Az cT

_ e
Vi s < B2 =T, < =
v 2v

max max

TT Liu, BE280A, UCSD, Fall 2007

PW Doppler

Design Example

R —6em = T. = 2(0.06m)

v = =80 usec
max ™ 1500m /s a

‘max

1 SOA A
c

PR

¢
>V

AT, f,

= for f, =5MHz we find thatv_, <93.75cm/s

‘max

If we choose Av =1lcm /s then T, < =15ms

obs = Ax 5
28, S
Range resolution: Az>v, 7, =l.4cm

2A

T 222 _18.8usec
c

pulse =
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