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Interactive Acoustic Levitation Device Using Electronic Hobby Kit
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Abstract: Acoustic levitation has been a specialized experiment in a laboratory because it requires an ul-
trasonic device that radiates an intense ultrasonic wave. This research aims to democratize this attractive
technology by realizing an acoustic levitation device consisting of off-the-shelf components. In the previous
report, it was demonstrated that polystyrene particles are suspended in air by a hand-made spherical trans-
ducer array with a driving circuit of a commercially-available electronic hobby kit. This paper discusses and

reports a 3D-printed spherical transducer array and realized interaction with actoustic levitation.
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Fig. 1 Acoustic levitation device reported in previous study.

(a) Hardware, (b) Levitation of polystyrene particles.
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Fig. 2 Distribution of potential in standing wave generated by

square ultrasonic transducer array.
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Fig. 3 Dimensions of designed transducer array.
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Fig. 4 Cross section of ultrasonic transducer array.
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Fig. 5 Directivity of ultrasonic transducer.

Table 1 Direction angles and directive gains.

T, Ty T3 Ty
Direction angle [deg] 2.9 8.7 14.7 20.9
Directive gain [-] 0.996 0.966 0.906 0.820
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Table 2 Distance from each transducer to focal point.

Ty To T3 Ty
Distance [cm] 9.96 9.91 9.86 9.81
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Fig. 6 Simulation results on focusing (relative values of sound

pressure). (a) Previous study and (b) this study.
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Fig. 7 Simulation results on focusing (relative values of sound

pressure). Distribution along Z axis.
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Fig. 8 Transducer arrays. Left: back side and right: front side.
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Fig. 9 Acoustic levitation by face-to-face arrays.
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Fig. 10 Acoustic levitation by single array.
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Fig. 11 Demo at Entertainment Computing Symposium.
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Fig. 12 Gathered particles.
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Fig. 13 Stripe pattern on floor.
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Fig. 14 Multi-layered acoustic levitation with step model.
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B 15 AT A7 ITITOTERR
Fig. 15 Demo at Science Agora.

HILRBIRLLDTHE. FOHMNDS, BT R
MZOWTHERT 5. RI|THH - & L7580 & 2 offi
WaDFIORT.

o XTI XNy - A¥—HEERF Y M (1411,800 M)
o NI XYy - AE—AHHEF Yy + (14 8,000 H)
o ALy F Y ACTHF 7% (118 1,100 1)

o WEIT-7 LA MO (218 8,522 1)

o FLHH 7L Y 7 VM (2 468,249 )

o TOM (B, EH, AR—H 7% BT TIEHE

HEI A MIRE 10 TARECTH 72, 209 LER
A7 LF T 7VERIGERTHRATRETH 5 720 WA TIE
B, TOWAIIIRES HIBREL 5.

o X ICERH 7 L& Y 7V ERIGEM TS ) ik
APHOBEET LI L IEHETH L. Lo LRKEICEET
TIETHAMASTATY, 72 & 213 100 B rER 12 1d 1,368 1/
BIChb, ZoZern, A7 VXD 70 EMRULFEER
F v hOBMERTE L COBGEHREEDEEEN D,

—F, EETT7 LA HOKEIL3D 7)) Iy TH S
720, KEICEELCOHEMITAS 2w, FofkEs
IZRWEbE/ze 2 A, &I X BB ETT M o B
FERAARD RITISIRATE v L DG E 457,

FREOMER 2D, EREEBA 7L X TIVERB LT
IRET-7 LA i %2 258 - 535 2 L xra L, iR
F7 LA WMo 3D €7V 7 — % % DMM.make 7 U T
A —=A<—=4 v NCREALTWS [24]. ATHLEHIZS
IHhHEL (EHENOAEZITEOIZHRELTH ) HERED
HTHEEATRE), HAHWVIESTL 77 A VEy Yy a— R
HIENTED.

6.2 ZF v 3t

AELIRB 7 LAk, X9 AN vy - A=A
B v FOREIEE TOMHAEZMEL, $XTORIT2
1F ¥ ANIICFTEDOONT VS, CHIZERBOEKE 20 F
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T -ODOHEETHY, BORKEEFENETLOTHIUL
CHUTERS e, 72 & 2 AXHREY 1% RO HIRIC 4 JLIS 40T,

DREBEVPEZOND.

6.3 =HAME

O REREFERS D S5 5L LT, BEERIRET-
DU FEEZ FIFA el EZLNE. T—% ¥ — | [19]
12X % ERBFORKATEEL 70Vp-p, /2785 2 b
)y s A¥— B EBRF v OB 12 Vp-p TH Y,
EXEEIEZ BT 41IEH 5. B EED - FIZ G
T5, BEVWRLEICHTALZEEZRET AL, /2L 2I1E
17 Vp-p OBREIRIEE % A1E L 72 & 1213 2 50 H 2 )
BRAFNS.

6.4 HNU[RIE
KEERL/NPFRICB W THIROBERERF v b % Hwv
THEFHEENERTE L2 L121E, TtoRy~nb
A ) MESEFEENL, K AFLURTDROTWY
BEETHHEAVE W) 2T TR, Bl TRES 206N
BT ETERENTHLENEZ IO E®RN DL, T4
bbb, SAEHCBNG Z LR, Hik HOBEIEEE
WY 2 (R 16) S &%, M CTHET LI ENTES.
HETHALT A EEE LT, 75 FF 25 A %
THDH., IR E ZN2IRE S LA =T 05 0
BESNTBY, IREROIIRE RIS BT, FKEHHH»
NSRS EICET IHF2BETLIOTHE. 70 b
(2], [26] DL <HBNTWE. BHLEOHIHME T %
L, A= 20HEREAT LI L CELEEOFYHE
LT 5. B X 2 R R RS LT
WA BT 5 2 L DIRESN TN D [27] 25, BEHET
WAREEZM I ESNLIEIEBRN ABERICRESNS.
F B OBESA A THALT 5 2 2 — L v (28], [29]

M 16 JkiE (4.25mm) ORI THE AT
Fig. 16 Particles levitated at half-wavelength intervals.
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YEZONLN, WMELHFREMET LLEND .

6.5 MEFTIEEIFHBOER
PERDBEWIC & 2 FETHIT, HESBREICHRE S
n, HEELAELH O~ LOME SN, KREEICHESNS
AT 7 va VIEEERICHTEZ2ZLANLREETH -
7z (3], [4], [5], 6], [7], [9], [10], [11], [12]. SAUSxL TR
e RERRE R L, T COBEIIRE T 7 L 1 2405 L,
IR 25 DB AR IC L ) SEBFHOREWDIEDL D &
W, KBEEOHBENESWLDTH L, BRTIE, #Hilzk
BT R Ny 2R L2, WA GEEZERL
D, AEF 72D T EET RO, TNHIIARNZE
DEROHHEDESIZE>TH 5 ENTHHASTH 5.
— /T, FHTH 1 ERUDECE S EERTE S
ZEDS, BHENSWEITWZEHL (I3 WI E2URE
N7z, TR S O RgHE = FIH§ 5 & 8FE o N
ZMNECEDbDEEZ LN, 2HOERH % 2 WE
HRIZT B HE 6], [11] T, i - AP S L BT
WOMEIER L CARLEI LD, L LREEL R
B8, AGFIE & U ORNE - fAHIZ TG 2 Lo v
72l ZAXIREE 7 L A L IRE O REEATE R ICAT LT,
TA5 1 O2HOEHEEDHIZLTIREAS 1/4 EEDOE S I
AL %, T2bbd TOREE TIRET7 L A DD’
BT TY, REMTICERESELD, 2 e
BOR) AF VL ARG T 5. TS X o THRERE 1R
HEOARE Z MBS L ENTESL. 0%, K
NHDOHEER AR R RATHR T 2B~ L. /Y
NI RO ENHN L DIZZ DB TH 5.

7. BHYIC

ATlE, FEFHOIAMEHIEL, TRoOBEEEE
By b 3D 7)) b ENSZEICE o THER S h B3
ErMEL7e. HFERGOMGm ML, KuRE) 7 L
1 OFETB L OB RE 21T o 72, BERIRET- 0480
PEDHBETH D ORIEEDFTENRATNSL 2 &, Bk
HEDEAEDZECHETEHFTRFEL VEL ) ¥
TEDNREL B T L k72, BIEL723EEIC L ) EE
0.5mm DR AF L VR FOEERGEVPIETHY, F
TEERE OB TE L LR L. FARERD
TERERCH T2 L@ IFGT 20 A Sz, 2
NEBFD\CFERT HMEAER A ER L, — i) 4 x> b
DTFTERERIMEHLZ., THOEDLEDONA 5T
T4 T EEREERBLTCL S ) ZEATEL. AT
FFEOHEAE 2 AL IAER B 1 DOFEE L TR Z G
JILTWS FPETH 5.

#E IRE) T 7 LA FHOKMO 3D TN T — FERKIE
RHEGAR (BdEL¥ERY) 1L D EES N, EHo
ThREL, TIITEHT.
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