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Parallel-Plate Capacitor

small plate separation =» ignored fringing fields ( fringe effects ) at the ends
assume : uniform field == V = Ed
E=0/g,= Qlegy A ( surface charge density: 6= Q/ A )

C=Q/V=¢g Ald permittivity :g,= 8.85x101? (F/m)
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Super-capacitor
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Reverse electrowetting as a new approach

to high-power energy harvesting a b
Tom Krupenkin#* & J. Ashley Taylor'* Vibra-tionq.— = Blectiodes Shear
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Figure 1| Schematics of three major droplet actuation mechanisms.
These include (a) droplets between oscillating plates, (b) droplets between
sliding plates, and (c) droplets in a microchannel. (d) Shows in greater
detail schematics of reverse-electrowetting-based energy generation
process in a microchannel geometry.
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Figure 6 | Experimental set-up for droplets between sliding plates.
(a) Schematics of the device and (b) a frame from a high-speed video
showing a top view of the droplets overlapping one of the electrodes.
Scale bar represents 1Tmm.
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Figure 8 | Schematics of the electric circuit. The circuit used to investigate
energy generation includes a source of a bias voltage V, a resistive load R,
and a variable capacitor C (the REWOD unit, which represents a harvester
set-up, that is, a set of droplets in contact with the electrode grid). The
voltage drop on the resistive load was captured by the data acquisition
board and converted into electrical current allowing direct calculation of
the generated power as a function of time. Resistive loads with the values
of R in the range from 10* to 10° (2 were investigated. A battery (with
internal resistance of about 14}) was used to provide a bias voltage.
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Figure 7 | Experimental set-up for a single droplet between oscillating
plates. (a) Schematics of the device and (b) a frame from a high-speed
video showing a side view of a droplet squeezed between two electrodes.
Scale bar represents 0.5 mm.

Tom Krupenkin & J. Ashley Taylor,
Nature Communications 1454 (2011)
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Figure 4 | Schematics of two REWOD abplications. (a) Footwear-
ind (b) a REWOD-based

a
Transparent
cover
plate —¥»

Waferwith _—%
22 electrodes

Channel
with
droplets

/ _'/4 Rotation

Driving magnets

Figure 5 | Experimental set-up for droplets in a microchannel. TO m Kru pe n kl n & J '_ AS h I ey Tayl 0 r’
(a) Schematics of the device and (b) a frame from a high-speed video Natu re Com munications 1454 (2011)

showing a top view of the droplets overlapping one of the electrodes.
Scale bar represents 1mm.
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ARTICLE
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Electrical power generation by mechanically
modulating electrical double layers

Jong Kyun Moon', Jaeki Jeong', Dongyun Lee' & Hyuk Kyu Pak’
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Figure 1 | Schematic diagram of the experiment and resistor-capacitor circuit madel. (a) Experimental setup and (b) video imapes of water bridge over
time. Scale bar, Tmm. Charge distributions on EDLCs and corresponding eguivalent electrical circuits (e) when the water bridee height is fixed in time
(equilibrium state) and (d) at the very moment when the two plates are approaching each other (non-equilibrium state). Within a couple of periods after

the vibration starts, the system reaches a steady state.



Jong Kyun Moon, et. al., Nature Communications 2485 (2013)
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Figure 4 | Micro-watt power generation. (a) Power versus number of bridges for a sinusoidal input with f =30Hz, [ = 0.6 mm and B =10 MQ (solid

dots). Solid curve represents a parabolic fit. Violume of each single droplet is 40 pl. Data show mean £ s.d. (b) Voltage drop V), and instantaneous power
with time for the case of a 14 droplet system with the same conditions as (a). (e) Experimental setup for enhanced power generation. Three different LEDs
are connected in parallel. (d) LEDs are lit up using 24 bridges for a sinusoidal input with f=30 Hz. Total volume of droplets is about Tml. Scale bar, 5 mm.

The threshold voltage of the red, green, and blee LED is 1.8, 3 and 32V, respectively.
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http://en.wikipedia.org/wiki/Supercapacitor
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Principle construction of a supercapacitor; 1. power source, 2.
collector, 3.polarized electrode, 4. Helmholtz double layer, 5.
electrolyte having positive and negative ions, 6. Separator.


http://en.wikipedia.org/wiki/Supercapacitor
http://upload.wikimedia.org/wikipedia/commons/f/f1/Electric_double-layer_capacitor_(2_models)_-1_NT.PNG
http://upload.wikimedia.org/wikipedia/commons/f/f1/Electric_double-layer_capacitor_(2_models)_-1_NT.PNG
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i (1) = ic(®) +i,(0
qO/C = Ve =i (H) - 1

j‘> di. /dt = [e(t) =i (t)- (R +1)]/CRr

&(t) = Ig(D) - R+1,() - 1
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(1) Card board
d~11cm
(1’) Cover glass
18 mm & 24 mm
(2) Copper foil
thickness ~ 35 ¢y m
(3) 9B pencil

(a) Small square
18 mm X 18 mm
(A) Large square
24 mm X 24 mm
(B) 24-teeth rotor

(1) +(2)+(3) = (a)or (A) < NT$10 d~11cm
(B’) 36-teeth rotor

(1) + (2) + (3) = (B)or (B’) < NT$50 d~11cm




I. What i1s new under the sun?




Once upon the time : Soap boats
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Surface tension of water as a function of temperature
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W. V. Kayser, J. Colloid Interface Sci., Vol. 56, Issue 3, September 1976, 622-627.



A few years ago : How about heating?
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A big mistake : twin Coke cans
?
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A big mistake : twin Coke cans
I

X
e




JIAIC

COMMUNICATIONS

Published on Web 03/27/2009

Surface Tension Mediated Conversion of Light to Work

David Okawa,™* Stefan J. Pastine,T Alex Zetil,*$ and Jean M. J. Fréchet* 1§

College of Chemistry and Department of Physics, University of California Berkeley, Berkelev, California 94720,
and Materials Sciences Division, Lawrence Berkelev National Laboratory, Berkeley, California 94720

Received January 7, 2009; E-mail: frechet@berkeley.edu

@ This paper contains enhanced objects available on the Internet at http:/pubs.acs.org/jacs.

* VANTSs (vertically aligned carbon nanotube forests

Vo
* PDMS (polydimethylsiloxane) Thermally

(i) optically transparent; ugm B Mnsiomgradiens
(i) a density similar to water; material

(iii) strong adhesion to VANTS;

(iv) elasticity while maintaining nanoscale

roughness and macroscopic structure of VANTS

* Focused sunlight or a near-infrared laser
(450 mWw, 785 nm Diode Laser)

David Okawa, et.al., J. Am. Chem. Soc. 131 (2009) pp.5396-5398
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* Directionally controlled linear motion

* Built-in directionality

David Okawa, et.al., J. Am. Chem. Soc. 131 (2009) pp.5396-5398
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Micromotors with asvmmetric shape that

efficiently convert light into work by

thermocapillary effects

Claudio Maggi!, Filippo Saglimbeni!, Michele Dipalo?, Francesco De Angelis? & Roberto Di Leonarda'~ * Direct conversion of “ght into work

In a contactless, controlable and
continuous way.

* Asymmetric microgears fabricated
by laser lithography

Collimator . . .

* Uniformly coated with a light-
absorbing material

* Focused high power LED lamp
(450 mW, 785 nm Diode Laser)

* 300 r.p.m.

10 um
T Transmitted light
(to camera)

Claudio Maggi, et.al., Nature Communications 8855 (2015)
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Brownian motion:

Maan square angular dspl. (deg®) ©
% 3
T T

Rotational diffusion coefficient: p_= kg T/T

102 10" 10°
Time lag (&)

Rotational viscous drag: T’

Claudio Maggi, et.al., Nature Communications 8855 (2015)
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Our step #1: focused

sunlight

L =

sunlight‘
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Qur step #2:

unlignt v«r][hou[ focusing
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Qur step #2.

Sunlight without focusing



Qur step #3:




Our step #3:




Our step #3:




Qur step #3: F\




FRRE- BRIFOEHR > PUELP RenE HRSH @ F ] E R RS R
FEHRFECFRAETES AR 4> FILERERY PB4 T 27 e dE 0

(=) PRPEfFRART FFFLR TRHZITFLBRRE

() kB 5 BF LAY SERELHABFRF DIFHFT, LR o
(2) *BPRERK P TS rlE  AERIHT STHBEEARN -
(2) BR1IAE/FLIE BN 5 - ol ik ReBBF AP LEE o
() f2Arp BAY REB > FrAEBIEOREARE P ROBA -






ZuPRRHRR

Bt FAsk s
FipER R









