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5. Uber die von der molekularkinetischen Theorie
der Wirme geforderte Bewegung von in ruhenden
Fliissigkeiten suspendierten Teilchen;

von A. Einstein.

In dieser Arbeit soll gezeigt werden, dabl nach der molekular-
kinetischen Theorie der Wirme in Fliissigkeiten suspendierte
Korper von mikroskopisch sichtbarer GroBe infolge der Mole-
kularbewegung der Wirme Bewegungen von solcher GroBe
ausfilhren miissen, dab diese Bewegungen leicht mit dem
Mikroskop nachgewiesen werden konnen. Ks ist méglich, daB
die hier zu behandelnden Bewegungen mit der sogenannten
,Brownschen Molekularbewegung” identisch sind; die mir
erreichbaren Angaben iiber letztere sind jedoch so ungenan,
daB ich mir hieriiber kein Urteil bilden konnte.

Wenn sich die hier zu behandelnde Bewegung samt den
fir sie zu erwartenden GesetzmiBigkeiten wirklich beobachten
1aBt, so ist die klassische Thermodynamik schon fiir mikro-
skopisch unterscheidbare Rdume nicht mehr als genau giiltig
anzusehen und es ist dann eine exakte Bestimmung der wahren
AtomgroBe moglich. Erwiese sich umgekehrt die Voraussage
dieser Bewegung als unzutreffend, so wire damit ein schwer-
wiegendes Argument gegen die molekularkinetische Auffassung
der Wirme gegeben.

§ 1. Uber den suspendierten Teilchen zuzuschreibenden
osmotischen Druck.

ImW&r‘rﬂa Fliissigkeit vom Gesamtvolumen 7~
seien z¥Gramm -Molekiile eimbs Nichtelektrolyten gelost. Ist
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Browuv MOtOr[P. Reiman, Phys. Rep. 361, 57 (2002); P. Hanggi et al., cond-mat/0410033]
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Kolébaci rohatka
(koho to zajima: Aristotelovska mechanika)

d ~ OV(x)
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Technické realizace

Linke etal,, SCIENCE 286, 2314 (1999)

Heterostruktura na bazi GaAs/AlGaAs.

Perioda L ~ 1.2um.
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Linke etal,, SCIENCE 286, 2314 (1999)

Heterostruktura na bazi GaAs/AlGaAs.

Perioda L ~ 1.2m. Napeti skace mezi =1mV, frekvence 191Hz
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Heterostruktura na bazi GaAs/AlGaAs.
Perioda L ~ 1.2um.
nanopdry v kfemiku

Napéti skace mezi =1mV, frekvence 191Hz
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Jak to béeha v bunkach
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Jak to béeha v bunkach

4444444444
microtubule Lo

ANvANA
Kinesin prepravuje vadky J

acin VERVARR

[:E_ﬂisin (b)

2

sarcomere

ACTIN FILAMENT

muscle fiber

[Igor M. Kulic, Rochish Thaokar, Helmut Schiessel, cond-mat/0410197]

Myosin tah& za svalova vlakna
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Pohled dovnitr [The Kinesin Home Page http://www.proweb.org/kinesin/index.html]

Kinesin pripojeny ke chromozomum. Kinesin pohybuje membranou.
Kinesin cervene, mikrotubuly zelené Mikrotubuly zelené, Xklp1 Cervené.
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Model: kolébaci rohatka s tuhymi
casticemi
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Vysledky: jak zavisi proud na zatizeni

14 1 1 1 1 1 1 1
12

10

0 0.02 0.04 006 0.08 0.1 0.12 0.14 0.16
and

Parametry: L = 1000, « = 0.5, T' = 150, Fp = 0.9.
adale: + w=001,g=1; w=001,g=0;Jw=0.1,g=1;,>w=0.1, g = 0.

o f |

'
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Jak zavisi ucinnost na zatezi

0.02

0.015

0.01

0.005

-0.005
0 0.02 004 006 0.08 01 0.12 0.14 0.16

and

Parametry: L = 1000, o = 0.5, T' = 150, Fp = 0.9.
adale: +w=001,9g=1; xw=0.01,9g=0;Jw=01,g=1; ®w=0.1, g = 0.

o f |

'
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Jak to zavisi na teploté

9 I I I I
8 - —
7 - —
6 - —
5 - —
~ T i
3 - —
2 - —
. _
obeg e NN
1+ -
5 | | | | )
0 50 100 150 200 250
T
Proud

Parametry: L = 1000, o = 0.5, Fy = 0.9, w = 0.1, Fjoaq = 0.08.
adale: +g=1;, <¢g=0;0¢g=0.5;® g =0.75.
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Jak to zavisi na teploté

9 I I I I I I I I
oL 1 0.08 |- -
7 _ 0.07 - —
6 - 0.06 —
S . 0.05 | .
4| _

~ = 0.04 -
3 F _
2 _ 0.03 _
1 — 0.02 —
N A = ’ 0.01 | -
1+ _ !
5 | | | | ) R Y L L i

0 50 100 150 200 250 0 50 100 150 200 250
T T
Proud Uginnost

Parametry: L = 1000, o = 0.5, Fy = 0.9, w = 0.1, Fjoaq = 0.08.
adale: +g=1; <¢g=0;0¢g=0.5; ® ¢g=0.75.
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Jak to zavisi na hustoté castic

12

Proud
Parametry: L = 1000, Fy = 0.9, w = 0.1, T' = 150, Fjgaq = 0.08.
adale: < ¢g=0; ¢g=0.1;0¢=0.8,©¢g=0.95, " g=0.99;
+ 9 =1,
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Jak to zavisi na hustoté castic

12 T T T T 0-02

0.015 | &

0.01 k
~ =
0.005 k
0 L
~0.005 -
0 0.2 0.4 0.6 0.8 1
(0 (0
Proud Uéinnost

Parametry: L = 1000, Fy = 0.9, w = 0.1, T' = 150, Fjgaq = 0.08.
adale: < ¢g=0; ¢g=01;0¢=0.8;,©¢g=0.95; " g=0.99;
+tg=1
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Jak chytit DNA

specimen

E’ mﬁne
objective :

laser { ——L )\ ¢ ,:.\

oo
,optical
1 trap

scattering
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Jak chytit DNA

specimen A0k
lane
d P4 .
objective :
1 —
laser { : = = =
i - L
,optical —
1 trap =
c 24
=
@
E 16
=%
— 4ﬂ
b 1 &
0

00 01 02 03 04 05 06
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Nejtenci gumicka

N Anti-Die/Djo

"

RNADNA
fandies

d

J SABrotin
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NejtenCi gumicka

Trap bead A
S -
N Anti-Dig/Dig
\\ =15

&
RNADNA 810
fandies IE
»/ 51
SABrotin

- e 100 150 200 250
i i Extension (nm)
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ZKrocenl entropie
A

15-

Force (pN)
-l
o

30 nm
Extension (nm)

I
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ZKrocenl entropie
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ZKrocenl entropie
A | B 18]
154

s - -y
N E -3 ()]

Force (pN)
-l

e

Force (pN)

—
o

- L —

30 nm
Extension (nm)

Rovnovaha: AF — AW

50nm ____Extension (nm)
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A

Force (pN)
-
(=)

15-

Extension (nm)

L —

30 nm

ZKrocenl entropie

B 181

Force (pN)
2 o

—
N

—
o

50 nm

Rovnovaha: AF — AW

Nerovnovaha:

oAF <eAW>

(Jarzynského identita)

Extension (nm)
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ZKrocenl entropie

A . B 18]

15 |

16:

U 14:

z 2|

S L R S 12
l=] (o]
LL L

L —

30 nm
Extension (nm)

Rovnovaha: AF — AW
Nerovnovaha: GAF — <6AW>
(Jarzynského identita)

50 nm

Nemozné se stava skutkem!

o f
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Algorithm
N particles on stripe of lenth L. Periodic b.c.

Potential V' (z) =z (mod 3), T
Average density a« = N/L
Temperature T, interaction strength ¢g € [0, 1].

Number of particles on site z: n(z) = S, 8(2; — )
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Algorithm
N particles on stripe of lenth L. Periodic b.c.

Potential V' (z) =z (mod 3), | T
Average density a« = N/L
Temperature T, interaction strength ¢g € [0, 1].

Number of particles on site z: n(z) = S, 8(2; — )

o Attempted move from x 10 xpew = x £ 1

AFE =V (Tnew) — V() + (Tnew — T) [Fload + Fo cos wt]
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Algorithm
N particles on stripe of lenth L. Periodic b.c.

Potential V' (z) =z (mod 3), T
Average density a« = N/L
Temperature T, interaction strength ¢g € [0, 1].

Number of particles on site z: n(z) = S, 8(2; — )

o Attempted move from x 10 xpew = x £ 1

AFE =V (Tnew) — V() + (Tnew — T) [Fload + Fo cos wt]

e Probability to accept move

max(1,exp(—AE/T))
Metropolis
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Algorithm
N particles on stripe of lenth L. Periodic b.c.

Potential V' (z) =z (mod 3), T
Average density a« = N/L
Temperature T, interaction strength ¢g € [0, 1].

Number of particles on site z: n(z) = S, 8(2; — )

o Attempted move from x 10 xpew = x £ 1

AFE =V (Tnew) — V() + (Tnew — T) [Fload + Fo cos wt]

e Probability to accept move

max(1,exp(—AE/T)) X {1 —d(n(Tpew))g}
Metropolis Interaction - exclusion
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Algorithm
N particles on stripe of lenth L. Periodic b.c.

Potential V' (z) =z (mod 3), T
Average density a« = N/L
Temperature T, interaction strength ¢g € [0, 1].

Number of particles on site z: n(z) = S, 8(2; — )

o Attempted move from x 10 xpew = x £ 1

AFE =V (Tnew) — V() + (Tnew — T) [Fload + Fo cos wt]

e Probability to accept move

max(1,exp(—AE/T)) X {1 —d(n(Tpew))g}
Metropolis Interaction - exclusion

Back
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Measured quantities
Current

N
J= wi(t+1) —a(t))
1=1
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Measured quantities
Current

Efficiency
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Measured quantities

Current
— sz (t+1) — zi(t))
Efficiency
_Aw
T AU
N
AW = —() (zi(t+1) — 24(t)) Floaa)  useful work
1=1
N
AU = () (zi(t + 1) — (t)) Focoswt)  input from external source
1=1

Back
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