
∗

min > 120 dB

∅sample = 2′′ 40 ms

1 mm 10 mm

fsound > 20 kHz

∗



0.5 mm

max = 130 dB

required ≈ 150 dB

x, y, z

x, y

min > 120 dB

max ≲ 155 dB

clight ≫ csound

8 × 8

40 kHz

20 V

waperture = 33 mm

fsound = 40 kHz

= 145 dB

0.3 m

20.6 ◦C

csound = 343.7 m/s

�sound =
csound

fsound
= 8.6 mm

x

p0

pprop(x, t) = p0 ⋅ cos

[(
2�

�sound

⋅ x

)
−
(
2�fsound ⋅ t

)]
.

L ≈ q ⋅
�sound

2
q = 11

pstand(x, t) =̂ psound(x, t)

pstand(x, t) = 2p0 ⋅ cos

(
2�

�sound

⋅ x

)
⋅ cos

(
2�fsound ⋅ t

)
.

t





∅sample =

2′′ = 50.8 mm dz = 15 cm

∅15 mm ≤ �laser

20

≥ ∅45.72 mm ≤ �laser

10
633 nm

�laser = 632.8 nm
(
f ′
1
= 10 mm ∅1 =

1

4
”
)

f ′
2

= 500 mm ∅2 = 4′′

R ≈ 4%

f ′
2
= 500 mm f ′

3
= 75 mm

4096 px×2160 px dpx = 3.45 µm

23 µm

z

'(x, y)

�laser weff(xi, yj )

nsound(x, y) =
�laser

2� ⋅weff(xi, yj )
⋅ '(x, y).

nsound ≈ 10−6

psound(x, y)

30 s

40 ms

fsound = 40 kHz

Reference Mirror

Camera 

Beam stop

AOM

Sample area 

(Ø ≈ 2ʺ) with 

transducer array

Synchronisation

Laser

L3

L2

L1
BS

Interferogram

Phase

Spatial carrier 

frequency analysis

y

x

z



Point light 

source

Spherical mirror (f´)

Camera with

objective

Razor blade 

= aperture

y

x

z

tframe = 40 ms

352 mm × 269 mm

816 px × 624 px 431 µm

5 mm

10 Hz < fbandwidth < 1 MHz

100 dB

y z = 0 x = 0

Δy = 2 mm

1 GSa/s 70 MHz 5 ms 200 mV

texposure = 37.5 ms

tframe = 40 ms

N = 1

ton, FI = 200 ns ton, Schlieren = 500 ns

431 µm
)nsound(x,y)

)x

23 µm

(xi, yj )



N = 1 431 µm 23 µm

psound(x, y) xy

y = 0 mm

±50 Pa

y

x

fsound = 40 kHz

18

psound

psound

y

z zcenter = 0 mm

x

xcenter = 23.6 mm

q = 11 xcenter =̂

|psound(xcenter, y, zcenter)| y

±10 mV

1%

|psound(xcenter, y, ∫ dz ⋅ z)|

z

37.5 ms

30 min



y xcenter = 23.6 mm zcenter = 0 mm

N = 20

z

90◦

y = z

y

Δ' < 2%

xcenter = 23.6 mm y = 0 mm

5mm ×

38mm

40ms > 1 h 40ms

psound

431�m 2mm 23�m

)nsound(x,y)

)x

nsound(x, y)

n_sound(x, y)

p_sound(x, y)

z



40 kHz

∅sample = 50.8 mm

6.8 kHz

Λmin

dpx = 3.45 µm dchip = 7.452 mm

dpx ⋅
∅sample

dchip

2

10

3x3

90%

fsound ≤ csound

Λmin

=
csound

2 ⋅ 10 ⋅ dpx ⋅
∅sample

dchip

730.7 kHz

N = 100

min = 120 dB

H(f )

N = 1



≳ 155 dB

Ma =
vparticle

csound

≪ 1,

vparticle

psound

�air vparticle =
psound

(�air⋅csound)

psound,max ≈ 1100 Pa �air = 1.2 kg/m3

Ma = 0.008

�

psound  pair

Δ ≈ 1 dB

p(x, y, z)

8 × 8

x

xy p(xi, yj , z)

z pmax(xi, yj )

Iintegral(xi, yj ) = ∫ p(xi, yj , z)dz ≈

Nz∑
p(xi, yj , z) ⋅ Δz.f

z pmax(xi, yj )

weff(xi, yj ) =
Iintegral(xi, yj )

pmax(xi, yj )
.

waperture

wsound

weff(xi, yj )

x

90◦

sound , , max ,

III. Simulation (Angular Spectrum Approach)

eff ( , )

sound(z)

aperture

I. Aperture Width

sound , = sound ,

FWHM

II. Experimenal Phase Evaluation

1

0.5

waperture

wFWHM(xi) x

weff(xi, yj )



psound(x, y)

nair pair

�laser weff(xi, yj )

'(x, y)

N = 20

k = 2 ±40 Pa

weff(xi, yj ) ∼ 75%

'(x, y) ∼ 23%

nair, pair, �laser 1%

k = 2 ±80 Pa

y N = 3

◦




