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Figure 1 (Color online) Diagram of dusty plasma ratchet [33]. (a)
Schematic diagram of setup; (b)—(d) three types of ratchets with different
orientations in the asymmetry.
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Figure 2 (Color online) Bi-directional rectification [33]. (a), (c) Pos-
itive flow of dust particles; (b), (d) negative flow of dust particles; (e)
phase diagram of particle rectification.
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Figure 3 (Color online) Dependence of the average angle velocity w of
rotating dust particles on the particle number N and the sawtooth number
n [33,37]. (a) Particle number N; (b) sawtooth number n.
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Figure 4 (Color online) Dust vortex experiments [40]. (a) Dust vortex;
(b) dependence of the average angular velocity of the dust vortex on the
power.
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Figure 5 (Color online) Horizontal transport mechanism associated
with the vertical suspension height of dust particles [44]. (a) Contours of
the vertical electric field E. in the ratchet sheath; (b) the corresponding
ratchet potentials U just on the contours.

105202-4



g4 hEREE WY it ROCH

20254F H55% FH10M

R B SehHCETROLGE SR, 75 B P i B
ik, ARRFR B 4 B IEUAIAU>0, 72 S50 U
FIAU<0. [ Bk, A [ SRS 14 o 50k 26 95 /2 o B0
TEASEL b, 362 B i BRES 51 1, AR R
R T AR R S b, 5280305 [ (KB 3
i

TR 5 UO) Ve T 5 FB BRI 48 U 07 1 1
R FHIZ. 3R BT )31 6T 1 3 E,, Ik
ik — 2 31 A0 6 0O B TR %0 T R X IRt
AR S 7 19 B TG AR J1F.  E TR 98 0 R B B,
TE — N I 35 0 P (B3 0, B T 9 4
9 fio= 7 Fiod6F A0, 5 T SRS 0L T L5 462
B 385 1 S 6 R (A UTER 75 5 )56 WL E L f 19 75
B, MR e T R R IE 7 . B 3 R IR AU
AN fig 1R/, SETTT R T 0K (R I2 .
%I, AR B P o R TR R L
— BT8R R R i OR8N R F 7
I B % 1 BB S5 0E 1T, 4 R T
FF, 7 0 T B 1 AR 4 14 10 P, % B I i 4038 10
Wi, R, 2R E AL B I, % 3 65 e
S 1E P, T BRIV 05032 (0 SO 1 AL, 4 L
VPR S P S T, H O B 1 L K P B AR 5
A, RXFRIE I e, BORAS BT WS FUZ. T B0k
P 785 P B e T JBURL R 5 0 4% P, BB, 7T L
ST R B4R R R R [ R BB 47 45 1 FO
1=.

S TS B TR R (Rl 5 R S LR
V780 AT (1K PHIZ WL 7T UM/ 7 T 43 B AT
S F SR BAIE 4. (1) S8 3t A H 7 R G E 4
2 WA 160 T O8O0 S 6. e, 30 R R A
4 SR )2 7 7 s ) B 22, WS, B0 B
R 6(a)). SRF, BB bR SIS AL, 01 o 4%
PEARAE, N B )8 V7 1, 352 B e 2
I, W) HA3E 7 L R R R . SR b, T LAE
7 10 160 4603 SR (1 B Bl T RO\ 54— R < BN
F NI, /7 7 0 R 2 b S A TR
TE BTN /NBURL T 5 BT R 1 B L
R T 5, HLAIE 7 60 Eh S B 0 R R TE R
(2) It A e B 7 B 6 2 % 2 A TE 9 140 308
J . B S I PR 4% A SR ) 6 9
A o L, RV R B 1 TE (B 6(b)). 3 5 A

(a) () Paser (W)

11 0503020.10
-------- >
75um 29999999999999 0.02} Experiment
13ym ® 90009000000 3
—>
8 0.00
920000000000 e
< -0.02]

8182 83 84 85
z (mm)

z
(b) L’S (d) Fiaser/ Mg

<0
13 um

90000000000 \00 9 N
2003 z
299 ]
!0 s O 02
0.02 =2 g
82 83 84 85

z (mm)

Bl 6 (iR )5 Tk B BB i FE AR DG 1 /K P Hl
] A S B8 I 4. (a), (b) e B AT R URL B AR 7K U
(c), (d) BORLHE V-2 L 0 5 BT R L R &

Figure 6 (Color online) Experimental verification of the height-
modulating horizontal transport of dust particles in a dusty plasma
ratchet [44]. (a), (b) Height-modulating horizontal flow reversal of the
particle chain; (c), (d) the relationship between average angular velocity
w of the dust chain and its suspended height z.
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Figure 7 (Color online) Particle separation in a straight dusty plasma
ratchet [47]. (a) Sketch of the bi-dispersed particle separation; (b)—(e)
particle separation experiments.
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Figure 8 (Color online) Separation effect of bi-dispersed dust particles
[47]. (a), (b) Micrograph showing of the gathered large and small parti-
cles; (c) separation purity and yield.
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Dusty plasmas and Feynman ratchets belong to two distinct fields of study. In dusty plasmas, charged particles can form
a strongly coupled and weakly damped subsystem, exhibiting transport phenomena such as shear flow and vortices due
to internal instabilities or external field control. Feynman ratchets, with their inherent asymmetry, can rectify random
perturbations in non-equilibrium environments into directed particle transport. By adjusting experimental conditions, par-
ticle transport can be variously controlled. However, previous studies on particle transport in Feynman ratchets have been
limited to overdamped and weakly coupled cases. By integrating the two disciplines of dusty plasma and the Feynman
ratchet, a dusty plasma ratchet device can be designed. This approach not only offers a new method for effectively con-
trolling charged particles in dusty plasmas but also extends the study of Feynman ratchets to the realm of strongly coupled
and weakly damped systems. This study reviews recent experimental phenomena and rectification mechanisms of particle
transport in dusty plasma ratchets, as well as their applications in particle separation.
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