58 32009 3 Vol.58 No.3 March 2009
1000-3290/2009/58 03 /1510-07 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

100875
2008 4 10 2008 7 16

PACC 0570L 0540 0500

4—6

8—11

Jarzynski * Crooks ’

* 10674016 20050027001
F . E-mail  jdbao@bnu. edu. cn



1511

=voh t - wyxoH t

2
+ 73
m

L
Jht—scosws ds

0

vt
1
2. +EJht—sssds
i
+—|h t —5s cos ws ds
2.1. )
m
@, Hit =L" Hp
]:Ip =2 ! 2
. . 2 P+ t+w
mx + myx + mowgx = € t + Acos wt 1 0
}/ e 1 IS ht ZHt
t =0 et et =2myky16 1-1 T
kB 15+£°°A
H t :f.JHpe”'dp
hy=m=A=1.0. L
1 =FEexp pit + Fexp p,t
’ h t =Epex t + Ep,ex i
xt:’l—wéJHsdsxO+HtvO 1P1PP1 . P2exp P
0 E = F =
; P =P p-p P
+%[Ht—s$sds + 7 +w;=0
0
+AJHI—3 cos ws ds
m
" |
2[ AI
xt = l—wOJHsds x0 +H t v +EJHt—scoscus ds
0 0
. A
v i =voh t — wyx H t +Eht—scosws ds
0
2 2 2 kg T zl
x t = x5 +| v —THt+2x0 vy H t l—a)OJHsds
0
A2 t 2 th t
+ — JHt—s cos ws ds| + | wg x5 —L]JHsds[ngH s ds—2]
mly 0 0
A 2[ t
+2 x, — l—woszds JHl—S cos ws ds
m 0 0
A t
+2H ¢ vy —||H t-s cos ws ds
Ml
ky T 1
2 T 2 : 1 2 2 2
v = 2 x9 vy woH t ht +]| v kaT]h I+ | wy xp

0

3

ky T
5 ]ngzl
m

2
+2A vo h t - wy xy H t Jht—scoswsds.

J



1512 58

1.6
1.2
0.8} _
5 S
»®
0.4
0.0 L 1 L 1 L 1 L 1 L 1
0 5 10 15 20 25
t t
1 T=1.0 7=0.5 wp=1.0 ©=2.0 % =0 v, =0 2
=0 »} =0
Lo —( 277[900
w
27/ w 1

0" w
kBTeif :%{_ (%m v tz
ly
i 2 2 d 8
+ 2mw0 Xt — xt t 12
1 1 2
4 — 7 8 [y jkBTpﬂzam vt
A? e “
Ty =T+ 9 2
off +4 wz—w(2)2+w}’2 )
4 12
3t N 1
fF N
2.2.
13 14
0 1 1
0 1 2 3
@
2
T=1.0 y=0.5 wy,=1.0. 8 12 ¢
mié+mj}’ t—s x s ds + mogx
0
2 =€t + Acos wi
8 w = w
et et/ =mkyTy t-1
A2
T T =T+
eff max 4m}/2 w

10



1513

04
Y t—s :%—expullt—sl
u; — Uy u
1 roogps A B Fpi
—Zexpu2|t—s| 11 ar =1+ 5 pf+w21 2!
2 2 2 2
+ + = G M
u, U, uw+ITu+02 =0 . 2p32 1 2}742M1 12
o I 0 pP3 + @ 4 + @
A
1999 399
(a) (b)
5 1000 - 3 200
1 N
0.0 0.5 1.0 1.5 2.0
w
3 T=1.0 wp=1.0 7p=1.0 '=1.0 a 2=04 b Q=05 ¢
0=0.8 0=1.0 d 0=2.0 0=5.0
3 [on w . 0
0
w 770<
2w, a b
I -40°>0 oo 0>0 < w
—40* =0 w
02—0 Teff w = Wy
11
0
0 a:27/0(24T
3.
Wy .
I’ -40° <0




1514

n A AF =0
Jarzynski Wy = W =- Jf t xt dt
0
. Jarzynski 4 14
216
Wy, = EE, + FF, + GG, + MM,
7.'. B
W = —Jf t x ¢t dt 13
0 4 a—d 0
2nm
=" n St =4
W W, = W -AF
AF L :
(@) 1000 (b)
1200 |
5 2 50l
v 600 F Z
0 . ) - 0 1 ) .
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
@ )
100
300 f
© - = —0=2.0
~ oo ~ om0
200 |
g '/\ N2
100 b !
A
-~ d \
A N N
0 1 > - ~
0 1 2 3 6 8 10
@ ®
4 n =20 3
5
02=2.0
w “ ”



1515

070603

E F G M,
E == 4 P2 + P3 + P4
2 Pr+p2 prt+tps Prtpa
o i G M,
—--0.02<we> F, o= F + P1 + D3 + D4
2 " pa+p PPy Pt s
Ep F Mp
Gl—£+ P, P, P4
2 " ps+pi pytpr Pyt ops
M E Fi G
M, =2 & P1 + P2 + P3 )
2 P+ +Pr Pat P2 Pat s
P1 P2 P3 P4
T A 0> o [0} 2| 2
0.0 ) iy —m ey — p +1ip + + T + wo | P
0 2 4 6 8 10 ) ) )
® + 9" + wol p+ a2 =0
0
=2.0 3 B
1 -’ A——A e’ - Aw'
2 m
A" nmw
E, =T o2 + 2
P+ w P P+ @
2
1- e (A—_A)rEwZ_Aw
A 2 m
A" nmw
F, =— 2 2
mp, + w P2 P2+ w
2 2
+ I'p, + 0
E = pl pl 1 P31 T Aiz A 2 2 A 4
Pr = P2 P1—DP3 Pi— D4 s - m ~A)he - Aw
. 02 G = A" _nmw
F= P2t 2P ¥ Pmpitw Pyt
P2 —P1 P2—P3 P2~ P4
S+ Ipy + O Pyt A 2 2 4
¢ = P3 P3 1 — e ;—Auw—Aw
Ps = Pr P3— P2 P3— P4 A nnw
) ) M, =E 2 2 2 2 2
v - ps+ I'py + O ps + @ pP1 Pyt w
T pa=D1 Pa=D2 Pa-Ds
Bustamante C Liphardt J Ritort F 2005 Physics Today 58 7 43 Haynes G R Voth G A 1992 Phys. Rev. A 46 2143
Jarzynski C 1997 Phys. Rev. Lett. 78 2690 9 Gillan M J 1987 J. Phys. C 20 3621
Jarzynski C 1997 Phys. Rev. E 56 5018 10 Chang L D Chakravarty S 1984 Phys. Rev. B 29 130
Crooks G E 1999 Phys. Rev. E 60 2721 11 BaiZW Song Y L 2007 Acta Phys. Sin. 56 6220 in Chinese
Crooks G E 2000 Phys. Rev. E 61 2361 2007 56 6220
Wang G M Sevick E M Mittag E et al 2002 Phys. Rev. Lett. 89 12 Huang K S 2006 Lectures on Statistical Physics and Protein Folding
050601 Shanghai Fudan press p125
Carberry DM Reid J] C Wang J M et al 2004 Phys. Rev. Lett. 92 13 Dykman M I McClintock P V E Stein N D et al 1991 Phys. Rev.
140601 Leit . 67 933
Trepagnier E H Jarzynski C Ritort F et al 2004 Proc. Nail. 14 Bao J D Song Y L Ji Q Zhuo Y Z 2005 Phys. Rev. E 72 011113
Acad . Sci. USA 101 15038 15 BaoJ D Hanggi P Zhuo Y Z 2005 Phys. Rev. E 72 061107
Blickle V' Speck T Helden L et al 2006 Phys. Rev. Lett. 96 16~ Mai T Dhar A 2007 Phys. Rev. E 75 061101



1516 58

The cooperative effect of a colloidal particle driven by
a periodic signal in a harmonic potential *

Qin Li  Bao Jing-Dong’
Department of Physics Beijing Normal University Betjing 100875 China
Received 10 April 2008 revised manuscript received 16 July 2008

Abstract
For a colloidal particle in a harmonic potential driven by a periodic signal we study its thermodynamic behavior and obtain
the exact expressions of the effective temperature and dissipated work by solving the corresponding Langevin equation. The results
show that due to the cooperative effect of the potential the signal and the noise the energy of the environment can be transferred
to the colloidal particle through the stirring action of the periodic driving force which makes the effective temperature of the

system increase greatly. Under the condition of dynamical resonance the dissipated work also reaches its maximum.
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