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表面物理實驗室

* 主流(傳統)的表面物理：研究固體表面
或介面的物理現象及其應用。

* 非典型(另類)的表面物理：善用表面或介面的
物理知識，以開發新穎的科技領域。





另類綠能科技的研發

(1) 新型的(超級)電容器  有效的電能儲存裝置

(2) 非電磁感應式的發電機制  有效汲取各種再生能源

(3) 箔式(非典型)的平價光電池  普及太陽能的接收利用

(4)   表面張力仲介的光能汲取裝置  開發新型的太陽能利用
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Parallel-Plate Capacitor

small plate separation  ignored fringing fields ( fringe effects ) at the ends

assume : uniform field

E = σ/ε0 =  Q /ε0 A ( surface charge density : σ =  Q / A )

V =  E d

C ≡ Q / V = ε0 A / d permittivity : ε0 =  8.85 x 10-12 ( F/m )
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E = σ/ε0 =  Q /ε0 A

V =  E d

C ≡ Q / V = ε0 A / d

Cr ~ κtε0 4πr 2 / t

Cd ~ κε0 2 ( 2r ) 2 / r
=

πr 

2 t



Super-capacitor
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圖三、｢雙電容式交流發電機｣的其中一款設計之示意圖。



Tom Krupenkin & J. Ashley Taylor, 

Nature Communications 1454 (2011)



Tom Krupenkin & J. Ashley Taylor, 

Nature Communications 1454 (2011)



Tom Krupenkin & J. Ashley Taylor, 

Nature Communications 1454 (2011)



Jong Kyun Moon, et. al., Nature Communications 2485 (2013)
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http://en.wikipedia.org/wiki/Supercapacitor

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


圖一、我們所設計的電容器之示意圖。
(a) 利用一張金屬細網來摺捲成單一的電極，應可兼具良好的導電性、極大化的有效
表面積，以及可讓電解液川流其間所需的結構穩固性。根據超級電容的基本架構，
電容器中充滿了電解液，並以濾膜將兩個電極隔開，以防互相接觸。
(b) 代表本款電容器的縮圖，將會用於圖三示意｢雙電容式交流發電機｣的運作原理。
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2016-01-28 (四)

T =  10 sec 

V = 0 ~ +1 V

R =  1000Ω

Vr x  ≡  Vr / (I‧R)  =  1

C  =  470 μF (已知)
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ε(t) : A, T

dir /dt = [ε(t) – ir(t) ∙ (R + r)] / C R r

ε(t) = iR(t) ∙ R + ir(t) ∙ r

q(t)/C = VC = ir(t) ∙ r

dq/dt = iC(t)  

iR (t) = iC(t) + ir(t)



C = 0.1F C = 1F C = 10F

r = 1 MΩ

r = 1 KΩ

r = 1 Ω

R = 100 Ω

R = 10 Ω

R = 1 Ω
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(1)

(2)
(3)

(1) + (2) + (3)  =  (B) or (B’) < NT$ 50  

(a)

(A)

(B)

(B’)

(1’) + (2) + (3)  =  (a) or (A) < NT$ 10  

(1)  Card board

d ~ 11 cm

(1’) Cover glass

18 mm & 24 mm

(2)  Copper foil
thickness ~ 35 μm

(3)  9B pencil

(a) Small square 

18 mm X 18 mm

(A) Large square 

24 mm X 24 mm

(B) 24-teeth rotor

d ~ 11 cm

(B’) 36-teeth rotor

d ~ 11 cm



I.  What is new under the sun?



Once upon the time : Soap boats
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表面張力隨溫度變化

Surface tension of water as a function of temperature

W. V. Kayser, J. Colloid Interface Sci., Vol. 56, Issue 3, September 1976, 622-627.



A few years ago : How about heating? 



?

A big mistake : twin Coke cans



!

X

A big mistake : twin Coke cans



David Okawa, et.al., J. Am. Chem. Soc. 131 (2009) pp.5396-5398 

*  VANTs (vertically aligned carbon nanotube forests

*  PDMS (polydimethylsiloxane)

(i)  optically transparent;

(ii)  a density similar to water;

(iii)  strong adhesion to VANTs;

(iv)  elasticity while maintaining nanoscale

roughness and macroscopic structure of VANTs. 

*  Focused sunlight or a near-infrared laser 

(450 mW, 785 nm Diode Laser)



David Okawa, et.al., J. Am. Chem. Soc. 131 (2009) pp.5396-5398 



David Okawa, et.al., J. Am. Chem. Soc. 131 (2009) pp.5396-5398 

*  Directionally controlled linear motion

*  Built-in directionality 



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

*  Direct conversion of light into work 

in a contactless, controlable and 

continuous way.

*  Asymmetric microgears fabricated 

by laser lithography

*  Uniformly coated with a light-

absorbing material

*  Focused high power LED lamp 

(450 mW, 785 nm Diode Laser)

*  300 r.p.m.



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

For a rotating 

Brownian motion:

Rotational diffusion coefficient:

Rotational viscous drag: Γ



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



Our step #1: focused 

sunlight

focused 

sunlight



Our step #2:

Sunlight without focusing



Our step #2:

Sunlight without focusing



Our step #3:
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首度提供一個設計的架構，可以只靠日光的直接照射而使得簡單的漂浮物體旋轉，
並且其轉速會隨著照度的提高而增加，因此其實際應用的潛力至少可以包括：

(一) 自然科學和能源教育的啟發性實作教材及新穎太陽能玩具。

(二) 光驅動馬達：透過大型化或集結整合的傳動設計 「帶動發電」等應用。

(三) 養殖農漁業設備：日光帶動的漂浮轉盤，提供攪水增氧或間歇遮蔽等功能。

(四) 景觀工程/庭園造景器材：為戶外的靜態水池設施點綴動態的日光裝置藝術。

(五) 簡易型的日光照度計：校正後，即可透過轉速的測量而估算日光的照度。





表面物理實驗室
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