EMANFR NEE

e/ Al 290

B
RAZAGI A2

1 ST EERR AR IMEIEZHEN? REILNEBERT EAL?
M ERET

o BERAARFTIEWHNREE (BN AGTPE)
o NADH (EAhZEMM NADPH) . w# B EREBEFHNIET R B
o BFHEMUERMNTEMA R RGMEE EFRFEREEE)

RENNBEER R RZBRE=BR (ATP), HMBEINKEATPREINAEE R TR & EMILE
R

2. MARRIMEE A E R BN (BE. =R, A, EENEREA),
WAL

o EMARAFHRE: 4K (nm)

o HAREVEAIR N 10 Bk

o WEIRE: ¥B-B-HD-H-200-

- A1 B4 (107°N)

o BEE (WARMIKTE): 1kpT = 0.6kcal/mol = 2.5KJ/mol = 4.1pNnm

3. —ANEEMME (UKBAREAG), BERTHNES. REA. BEARNEKEKR
BMEZ D7

REATEFREONEBREREE. RRARBNBETRIRELRZMHAHAAR, E—o
BRANAATEARLEANLEA MNREEST. NTEBERET KA 21000/ R [ %
AEES, SMEEENDTHRETUNBE IR T AE, B LEEaNKETRE/LT
AEJLEA Z ], EREBERKNEZAT, —DNKBITEHEREESARLN20000MEHEK,

o BAR: 3x10°
o BEEA: 1x10°
o BHEIR: 2 x 104
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af://h1-0
af://h2-1
af://h3-2

= KRN FIHHE

HARA 1L WRBAT R B EAAN 1pg, BEMRNZEST/KEKE, HRHNTE
HWAEFEW 0%, MTEN—MAEEAR, WHERTEEARNEEN 0.15 pg

EARATFHIHEEN 30000Da (1Da~1.6x 10 24g,30000Da~5x 10 20g), &
MNRIBFE RSN ERRYTFEKE:

15 x 10~
Nprotein ~ 20 < ~ 3 X 106
5 x107g

HEBBREEBRTA 1/3 AREE.

YR 20% B ERABIEE A, B ARRELA 2.5 MDa, BFEARE 1/3 REEH
B, ®IT%E RNA, ¥ ALKE -

" 0.2 x0.15x 10712 g 1Da 20 000
ribosome — X =~
’ 830 000 Da 1.6 x 10 24g
BiE o+ B
4% 0.5 % (6 x 105nm?2
Nipia = < 0.5 x (6 x 107nm") ~ 2 x 107

0.5nm?

EF 4 REAMENRNIMNELRRZERDFE, 0.5 ERABMME T RERN—LHEZaEK
B—XEBERE, (HitEELFHEAAN 0.5nm?

KBS BIEAN 0.7pg , KAFEHE:

0.7 x 10 '%g
18g/mol

N,0 ~ x 6 x 102 ~ 2 x 10"

RE ERAEFREN 100mmol /L, N

(100 x 1073) x (6 x 10%3)

_ 7
Nions s 1015/J,m =6 x 10

A HEF A FLREARNELHS, WTFIANLE FIANITFIAREEN

b AE
=

W o A BT HRAE R RE, FAEATPKARRE SIS A2 89 B B RE e
ALMREETHEENEARREARE SN, EARERANN—IRoMRE BN MR
EIBH

o &KENGX (FhBR) . U—%HANERMEE AT

2/23


https://en.wikipedia.org/wiki/Molecular_motor
https://en.wikipedia.org/wiki/Molecular_motor

o WeEp DA HHERTEMMAE, BINREG T EHLE
c REEX: TENRESABRIBIGEE
o ZABR: BRELEMFERNIL, KIBREE

5. RAZHE ZEENZARFMES X,
RAE_ERE

A RRNE—RRBRAMEZ REBNER A RERMNMORNIAME S| EIB R TR
AT ERLER M, —FF/RX AR ERM— A B

RERENRS: BRAFR—IIRARE R TTHEN,
6. EIR-FASHI AL HIBAMES I ERBIE,

A YERREDE S 58 - FF

BEXRH, RITMEREWEZERLE (ensemble) BERFFMEEBNS I E, ML Bu T4
SEITAEETEEZRNEREN TN REOEFESHINEAMER, BRITXCRAXOE
—ARLFRHAEAY, MEEEERRRAELELESHLZ (ergodic), FILEXRRE
(Principle of indifference) X#Eay/RIZEAL

FEAGI AR

o FERATEARHUSHBR LM (T L ELRFEAM)
o L HENBRAF E AR
o FHLBEENEZMNEEXRR(BIRAZRR)

Blan, NFEESMAE, TLHRSHE, AeESH. AR, KFRZBNERBRAFEE—F
#), %,

FESHITYIE N EARBR EBoltzmannE JLE BRI : I R AN ATA BIIRSUETLENH
= H .

)
WL RREGINRTMR. REERIRNE R, —RANIFN R AZRALBRENE| AR

A, BAHENREZ(NEE). AR, BES, 50, XNMNALFESHERRANRSHRE
A E_F1E), Boltzmannig B 7 “&/LE"5MEKXN"ZRNEFMN X R,

7. EHRRHEEDMNRAR (BREERILEME), FEREMEEX,

IEN % 4 (canonical ensemble) & 7 188 8 EE 4l i 0 F B P47 R SR =T BER S &
&, RBEENRERART AN RINERAEE (B MRAKNKFHRAERMERZBEARE
#), BEREANSAERRAERNEE.,

P=ePlijz 7= e Pl
J
J
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https://zhuanlan.zhihu.com/p/148164408
https://zhuanlan.zhihu.com/p/148164408

Eo BAERK, INDMRAW BRI ELR, — MRS RO REBRA, HAE XK
MRS HARRARAR, e PP FRAF/RE ERE (weight), FRFE—BARSE BT T IR
RE, RENMEREXE: HERMENRS, HSESRRS, BRESBRREL,

8. EHEL A RIKAN, NI ZAYIERA 7 @ B R B R EKH T o
Z = Z e PE;
J
o MEEN: ELRBERTFERARANETRE, HF T ZAENLIFER
o BEEEX: RHFTAFRERSH MRS, (FABSRNF—LE T,
0. RIKZFRERZ V? AL BEMFNRIKEZNREE?
1kgT = 0.6kcal/mol = 2.5KJ/mol = 4.1pNnm

EBRFORDTFREL, RKEREMHEMREE (BETEH. KBNS TFEHFFAX)
NBERZALN, EANBBHERARKEZNIEEZ, ARTRKENER

10. BHERITE HRNAAZEXR, HEREMEREX
& T B H Rk
G=E-TS+pV
RAZFRATHAEEER. BEZATRATHMIFFRAEANERERL,
MR E) /157
Rz AR A A EZ R fu RS B RIORM R A, &4, RESAEREMZHEAE,
VORI BR M ROR s AR, AR B X R ERAEBX R,

o MBAELHERAFTRMNAY, HRORKE. WREAH. DEURENZBEEAEELX
3

o IRE—MRA, EfmRs HEERRES RN ZNRIEARR;

o MUK MEHRMER R, MRHAZEE RAAZNIENE, XEEBHNER;

o MRFAZKRE, BFEMBHEE(MME. mRIAEE, 2MmbkE). THAREIK.
YRR R, R BNRES,

o MBRAELHERFEFTRMNAY, AROKE. OREAH., DEURENZENEELXR

MSBORAR S A1 K d BT AAE BR B R, (BSCFr bR 2 R RIR. R fashseay d e
FRE B R AR, e — PR WUR AR

o EHEE: AMRRAKHKEEE, BAMERZEM. iR A4EimishEE
o BRI FTEHMANERMARIT, TERIVETHNEM. REUEREE/ TN
R (45551 2 4T 48 fg fo o /MR )
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https://en.wikipedia.org/wiki/Boltzmann_distribution
https://en.wikipedia.org/wiki/Boltzmann_distribution
af://h3-3

FERBIERR: HRAKATTRAERREZRNEE, D10% 0B KA FTRAERRZ, W
FR R A2 B & A IR AT I fL R AB 3R o

TEREENGT, EPRE TS AKEER T UM EER. ATSIE BRI 2R .
HRER: Ea B EX —PUNEFE, ETHLESY K(Post stenotic
dilatation, PSD), XBT#sin%E BayE AL LR, #WARAPSDIEE R, RBRAETREIR T
MR FBARNE, XEFBGMEMEIR,

R A

_ 8nL

mrd

R

XEREAKAERZ, WRERMARAS hERKEMmMALE CRERSMEESR/N RIE

e,

5 & ¥ 24K LR o

iy e

BRFHE#MERHRAR (Atomic Force Microscopy, AFM)

RFASHEERE— R oMERNARKRH ERERER, BRREEHREENAEEE
FASRN EMARRE N A4 E, AFME DOREFN EAMRBENEE ., Mk AShES
], JTZNATHEMAEHR,

KRG AEHE (Optical Tweezers and Stretching)

KB B RN (AnBRRER A F) AN A, 3R 3 IRAn SR Iw X Lo Fok SR A 5
R, HBEAE A THDNAL & 8 il -F 8948 EAF A AR 4 MR B9 R 1 o
HZkER A (Micropipette Aspiration)

PRI B R A A AN 3R 3R B R PR A AR 20 X35k, B — & B4 67 SR = 4 AR AR AY 5
PEARE MM R, XA N EMRARN R ERKAMEREKEE, EATHRAEMR
EARR AT,

womiEE A (Microfluidics)

PRORAZ R AT N AR R EARE P8R, RN E R MM 2R A RMRIER
B, UL EEE. (FRHERIERIEHNARAZNE, IR 2N TR HE
iR 7N s w2 & A= S

MARN FLFEAK

MR A S ER (Cell Stretching Induced by Flow)
BHEARARA R EF MBI ETE, HARAREZ VRS THAFEMRL, XA AT UE
BPURRRAARIRIE XS AR A A 2 RBK, 2 AT i B A B 40 A fn At 28 B S At B ) 22 A 57

A B RN BRI MR (Separation of Circulating Tumor Cells Using Acoustic
Waves)

FIRAEREAR, BREZAZLHANBEAMERRN 2 BEfHER, FROBEARRAS
. IFEAFTH AT R, & A T EERR e 4 A A A Ao AT

VRN AF

HTAT AT A A
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af://h3-4
af://h3-5

o WEHHNEE: O FEIRERLA FFAoE [T 5
o BEREME
o FNEBRFIMEE

o IRWE: 2 FHRESLA FIERIER
o HIREBEIE)
o RERE

¥ B AFENELEREA

1. ®EBRKKEER (FRAP, Fluorescence Recovery After Photobleaching) : #|HA
HOLRBIFE R AT, MERARERERMNELDFI EEEK,

2. 3k NEEHEE (Fluorescence Correlation Spectroscopy, FCS) : @i o4 b+
HE/MARR N BOR B0 R R BAT Ao

3. MR FEREZS% (Single Particle Tracking, SPT) : IREZ#EANOF SR FHUIE 5 B,
T AR EL A SBRR N B9 BB AR AR K

HEA
RAF
NHE:
dU =TdS — pdV + pdN + ...

ZWEHEHRE:

F=U-TS
R

H=U-+pV

EAERSTEIRT, RERFTRAABRKNAE, INKLERTRTA. KRS, 5K
BRETX

AG =AH —-TAS

o AG =0 Z4%ATIHES
o AG < 0 RNEAABT
o AG < 0 RNERAMAT

SRITHZE
ER(E)=U, N

U= 1 Y Eje
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af://h2-6
af://h3-7
af://h3-8

AR 2 M B Y AR -

L N AV IEER

J

e_ﬁEj e_ﬁEj
Imae = —kp» PilnPj=—ky » ~ 1n< ~ >
J

—BE;
= eT(—BEj —InZ)=kpBU + kplnZ
J

oS

0 vy = 80

NTFERTHNIE U =TdS B

SRS

ZWEI B HEE

oS 1

U vy — T

1

ﬂ:kBT

F=U-TS
:U—kBﬁTU—kBTan
kBBT: 1l=— F=—-kgTlnZz

InZ 1 E
_ = E . ﬁJ—U
= EJQ

7123



:= Entropy for DNA-protein binding

Entropy measures of the microscopic

degeneracy of a macroscopic state
kil 2

Isolated system

- -

- 1b f bl
number of microstates compatible
S=kyInW | comp
with the macrostate of interest

max{S} for isolated system!

Example: entropy for DNA-protein binding S =kp In W(Ny; N) \
A DNA-binding protein
e ™ 5 =P m N
binding region lI'[.'\"p: ;\"A_\} = ,:—Y \
" N proteins bind to N sites NN — N,)! =
[ e ] . [ & | [ & |
lattice model of DNA/protein complexes
0.7 Inn!~nlnn—n )
0.6 @
0> S = —kpN[cln ¢+ (1—¢) In (1 —¢))
| £0.4 S=—-kgNlclne+(1—-¢)In(1-¢)
0.3

HNN

0 02 04 06 08 1 DAFHIELM (iﬁ) :InN'aaNInN-N
. FLREPHB A, Stirling approximation
210N ZEAE KT EREE A L5 x10PDNALG S A4S (3 X100 F9 8 )

BE N, NMEBARSAF5 DNA 44, DNARQF LA NAMLE, RSEATNA9H

S = kglnW(N,; N)
N!
N,!(N — N,)!

W(N,, N) =

8] AW Stirling 3T {X

InN!~NInN - N

N,
S =—kN[clnc+ (1 —c¢)ln(1 —¢)] c= Wp

R, HEARAFHREREZIRION, RANEOBHARERK, c=05K (Eahy
FHEEZRTHE —FH) BRA.
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https://en.wikipedia.org/wiki/Stirling%27s_approximation
https://en.wikipedia.org/wiki/Stirling%27s_approximation

i= BKERENKFAT AN

» Hydrophobicity results from depriving of some
configurational entropy of water

/| \
N /N
/ \ / \ Vap S\ Totally 6 ways of water
/ ’L“ 1 k'\ ) \ / L"‘ \ molecule of interest towards
L) — _._\ L\ the vertices of a tetrahedron
N \ \
A // \ //_ \ Inserting a nonpolar molecule
. ‘LI, \ & \\ / (L \ forbids 3 ways (down figure)
/ \ - \
Ly L

Crientations of water molecules in a tetrahedral network
Entropy change of per water molecule

A"’.hy:hnphuhir = !"H In 3 T J!"” In 6 = _,f.-” In 2

constrained H-O unconstrained H, O
Hydrophobic cost to place a nonpolar molecule . number of water molecules
(entropic contribution) Ve adjacent to nonpolar molecule
A("ﬁylhnpiim’nr'{ ”]I e ”‘E'H‘lr IIl _.)

BREKDFREIARBEAKI TR — N EENEER (HEANTRER — KT,
mEAN T EER —NKF, —HRAENKSTF), HAXMFEEE—RAASMERL (]
RERQFKGFHTH, O] =6 WREX-AMARE—NGKER, XM AE
EARRAE=MER (C3=3), WmitAE, FJIARKPFALKZETE=FHE,

BUREENE S = kgl W %, MTPOUMNKAT, BFBAMTRORSEN=F
TRLRORAS, XERIAVEZA

AS hydrophobic — —kpln2
Xt 89 B HAEE AL

ACthydrophobic = nkBT In 2
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Estimate: interfacial energy of a hydrophobic object in water

. free-energy cost per unit area for an hydrophobic molecule insert water

| nm”~

lvdragen bond > 0.28 nm = 1 Iull'f: PP 10~
(0.28 nm )
b
j(——;h.y{h'aphubir{”) = ““'-BT ]“ 2
AEBEHEEY=N wk;TIn2~Tk, Tinm® ==> A G hyiropronic | A)=y 4

Small nonpolar molecules, such as O,

A=0.1~02nmm’=AG (A)=y A=~1k,T

hydrophobic

Oxygen can be readily dissolved in water, even though
it is nonpolar and cannot form hydrogen bonds.

Large nonpolar molecules, such as protein

R=~3nm=A=4m R~ 100mm*=A G, 0 (A)=T00k , T

Inserting hydrophobic protein in hydrogen bond network will cost huge energy=> undissolved

EEAFKERENKT @ TN, R FmaeE XgkERENKT TR E
HAEF (B BrEA R) v o

BREGKEAERA Inm? , HEEZMHKDTFHERN

1nm?
n =—— — _=~10
tnm? (0.28nm)?

BHTEBEENMAN AG =nksgTln2, REFEEBEAN
¥ = N2 kpT In2 = 7TkgT /nm?

XE— ML AR,
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N

ZEARLE S e /R

Ligand-receptor binding

fIJFIEE: A3 AH[RIBOR 4= [N
HIANF] 1:&?%*&1’]4;@

MULTIPLICITY

« Lattice model

STATE ENERGY

Q! Qt
L@-o0 L

Q!

nl‘..—l

[T =N
(flEd)

WEIGHT

L
IZ— e —BLegg)
L!

Q_L—l

L-DI@—-L+D!

ForL & ﬂ.

-

m f.)'

(L-1)!

E_B[(L_l)ssul"'fb]

(L—-1)!

L is number of Ilgand
ﬂ is number of Iattlce !

2 e @ OO 5
I s
states CU[— e m e BlL-1)eg, +8)
e Z QC = Z OUU [*] ) ﬂl -1 ﬂ
ENENNEOR N L e-BlL-1)e., + &y + 2 e Plegy
states (00 e E ) states ( OU; I~ 90 ) =1y i
State Energy Multiplicity Weight
ﬂié,ﬂ-jé\ Lgsol Lg(g?iL)! ~ QT? Q_Le_BLESOI
L-1 L-1
e (L = 1)esol + € (L—l)!(%!—L—H)! ~ (2—1)! (?—1)! oAl ]
R RRANE LBSY, FIARMBRE c= & MEERE (BT SHEORE)
o=k, GABERITUS KT @XAAR
=B (efeo)e
ound -
1+ (&)eFrt 14 (c/co)ePAre
EEP Ae = €p — €50l
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i= Dilute Solutions

Dilute Solutions
* Free energy of solutions & solute chemical potential

9.9 o Total lattice:

solvent
(water)

Ns + Ny,o
BB 1o states:
> - (Ny,0 + Ny)!
NHZO! N!
> @
3D lattice model 2D lattice model
Geot =  Nuokio +  Negs = TSpyy o L 1 b
water free energy  Solute energy  mixing entropy A5 AEH
N + N )! N N
S = kg lnM ~ —kg | Ny, In—27— + Ny In————
Ny,o! N! Ny,0 + Ns Npy,o + Ns
Stirling approx.
MIRRMEE
Ls = <6Gtot)
.-—
ON, Tp
RIARA) B BBk
0
Gtot - NHQO;ufﬂzo + N3€3 - Tszm
water free energy solute energy mixing entropy
I ANEFEARITIL AT AR B B R 3A A
(Nm,0 + Ny)! Nm,0 E
Smiz = kpln 2 ~ —kp NHoln—2+Nln—
e NHQO!NS! 2 NH20+NS ° NH20+N8
PERAE e <1, BoMENER: N plr ~ Nn e, S—MEMNS
. Nm,0 ~ N, . ] ) SE ] S

R: Nuoln 5 ~ —Npo (5 ) = —N,, BRI T UL B

Ny
Smiz =~ —k Ngln — N
B( N0 )

Fr A

12723



N,
GtOt(T’p’ NH?O’NS) - NHzo/*L?{zO(Tap) + Nsss(T?p) + kT (Ns In Ng,o o N$>
H,

Fr b 2 8

aGtot . (&
/1:3 = ( aNs > —€3+kBT].n CO

i= Van't Hoff &A=\,

AMEEE (B8R RREEFREER) KLES:

N
H-,0

NAEMEEE p LM FRE R

R .0 _ _
MH20~MH20(T,PL)+( ap )(PR PL) No kgT

RE ZMRE E K Z R HE
Ko = Mo (ThPL)
FARSSE W

leizo = Nﬁzo

T 200 38 bR R AT SIEERR, ST

N,

ksT
v B

Ap = (pr —pr) =

EAMA Van't Hoff AKX #EE S RKENRRBIZERENRAN, XTFARRBER, &K
BEMER, HASFNSEEMER (WMESERTELRK)
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i= Example

UNPHOSPHORYLATED
active inactive
- x

free energy (kgT)
w o wn
I
0t /
)
A
]
\
|\

A :
-5 \
-10 /
A SO s
distance x
oA U
‘- 'e'lctive inactive
PHOSPHORYLATED

& B FUEBBR LA RBEBR (LIRS IS Y BE B h 4%
EHRHE HEE:

G(op,05) = (1 —op)[(1 —05)0 + ose] + op[(1 — o5)(—12) + os5(c — I1)]
=¢eog — I,op+ (I — I)osop

RE& BEE IR ERE
op=0,05=0 0 1
op=0,0=1 € e P
op=1,0¢=0 -1, eBl2
op=1,05=1 e—1I; e Ble—1)

EHRERBBRMAN, &TEESHBEE:
e Pe
Dactive = e—ﬂ(g—Il) + eIBIZ

14723


af://h3-9

BATR T L] B B RR L BB B MR R

p ;ctive _ 1 + eﬂe
Dactive 1+ e—Ble—Ir+)

ZJR e ~ bkpT,I, — I, ~ —10kgT N L @EE 150 , " W& A BUKFEBBRILIE N T V&M,

RALAT
E¥IE Ry, ATFREKE [ MEEKE ¢, %2

— X

AR fE RN

(L) mga
z= = tanh
Ltot kBT

IRRAVE B RZIA R, AT FARNMEK 2 = tanh(fa/ksT)
ENABBT, H-tKiEHE

. Lisa

() = 2251

a BHELSK, HE:
a = 2&p
BIREF R

ZRIBBRPHENEE— NI T BN, EEMOEEARBEMATLTE R, WERPFE
B +ze WE-FEE# E0 T Boltzmans i :
C+(.’13) — cooe—zeV(a:)/kBT

c_ (w) — cooe+zeV(w)/kBT

HARFEHBFAOMREN, EME ¢ LR BAFE HIEBAMT BTN ETEREER,
BR:

p(z) = zec () — zec_(x)
LAY o

15723


af://h3-10
af://h3-11

d*V(z) p(z)
da? ErE0

CONEIR S

d2V($) _ Z€Coo0 (ezeV(x)/kBT _ e—zeV(x)/kBT)
da? Er€Q

HE/NEBENT, JAIA-BUREE A2V LR T EF IR /RA 2!

d®V(z)  22%%cn
dz? N ErEokBT

8T€0kBT
AD =] ———
222e2c4,

ZIRRE coo = 0.2mol /L B FEE, TUEEXNMEFFKKELA 0.70m

V(x)

T W K4S Debye K :
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i= Example

ZR—ANBFEZFHEEAN Imm RHE, IRAET 1% WK FEBR—ANBTFREMS

bh?

T BRI IRE T8 E BATEK

g puwX (4/3)nR?

; M, x 0.01 = 14 x 10*®

EANRTFERBRENESRE:

62

—2.3x10°%8
yE—- 3x 10 %2Jm

BRETE, TENKIFRREIFERE, BR—HFEA RWTFRRE, XNEHNE
#A

—q
V(R) =
( ) 47T€0R
Fit AEZh -
Qiql
dW = dg’ = =1
W = dg'[V(e0) ~ VI(R)) = 1
R w17

q / / 2
q'dg q 11
/0 dneoR  8meoR B

GtEERMNEER 10k, BERAEATLXER 11 85 )
MIh B9 KA R w40 :

= X
8meg R o

Et, HAEKPERFERETMN: R:1mm — lum K, BREFRRE:
—15 1 —4
¥ R:1mm — Inm B, XNEITh:

1
Wge1nm = 10730 x 20 < Wge1mm = 1072LJ

171723



(PPTERITEZZAFARNELEEREHR 2 £5], [ac10])

S SR IE 16

EZ T L HSFERERARN, EZEPHNELT, ZRENEMBESE L8P0/
A, fARREROEEREMAKENEET S,

ERAIANINK U 1) B 9 AR K R 3K

BAVF LR R RBFCHER DL RELME: 9(0) =1, HIMKILRKEN, MRAHEXREK:
g(s) = 0, JHEXMAMEN—MEERBOY:

g(s) =e*/%

ATRWEE,, RERNERAERR 2 5, BMNTURARKRFCRERF /M E 948K
ll\i

9(s) = (cosb(s))

e 7)=SicEs
6%(s)
g@)—<1— 5 >
R R=4, RNTHHESAENARENTARLHT HETAE:
ET
Ebend = ge

BT HATE = 222 18] v 09 B BRTE R A %2734, 8 Boltzman 2, )3 —(LEF

27 T _
Z = / dgb/ d6 sin § ¢~ B1/2k5Ts)6* _ 271'/ A0 sin § e~ (E1/2k5Ts)6?
0 0 o

RALFIER:

(0%(s)) = kil / d6 sin § 62¢~ (BT/2k5Ts)6"
Z 0
BERANEH 02 M, REHMY, EEI CTEAMALSL), BARKRA E 1%
it

2 s
8_Z — ! / d¢/ dé Sin€92ef(EI/2l~cBTs)92

Bt AR A 2P TS R T
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af://h3-12

g2y _ L (_2ksTs 02\ _ 2kgTs 0lnZ
A 0E)~ I OFE
Fr R R Tt B R &3k, N T/NAE, BRsind~0, T (R ERECA

o BEEARE s whNFREREKE)

0

EI EI
Bt WA =] DAAS B
. kgT
g(s) = Fol
ZRIEHRANFMEEETT:
1
e/ a1l — —s
&p
AR R AR
EI
gp kT
AFEAFNAE

The Polymerization Ratchet
Y &=,
koff(
< < <

Nl

x:( f) X

Figure 16.45 Physical inlogy of the Cal Jd. [ Garland Sciance 3013}

BRSO AR A

KEA § NEMHRNESMEBMRZ ROERMNTER, SRKEIRORESMAEF
MZBEEIFRART 6 BY, BARREESFREERMR, EifA BRI RT#,

WRIERN EREERA, RIANMIEBRRMEITRE: BEA—BLESABRA; KT
BUEFR— I, BARNRRE, BEES § EEENNE BT BEREE: tp =02/2D
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. N PRE

2D
0

Vid =

ZREBFRREINBLE —NRESE, BHLE AR BBERAREN =R ZRESE,
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