Chapter 4: Ramdom walks, Hiction
and diffusion

- Chap 3. Friction isthe conwersion d organized motion to disorder motion
by collisionwith asurraund, dsorder medium. It®a dissijetive processt
those that irrevearsibly turn order irto dsorder. Many other examples: ink
drop dff uses, Elkedricd current generde heat, ha-cold separdion can be
erases by hea conduction fall rock warm the ground.

- Physics of the random walks (diffuson) describes all these processes.

- They©Oraotterribly important in macroworld, bu for cells and bologicd
systems kT matters. Transport, conformaionsand many ather &l

physiology topics can be explainad guantitatively with dffu sions



Brownian motion

aMatterconsistedof discrete, real articles® was a aurd
notion even near the erd of 19" cert. Eventhoudh, it©s
Indispersabe in explaining ideal gas law, it doesr®tell
massof molecues/atans

Robert Brown, 1828, pdlen grains inwaterdo pecdiar
Incessandance = life?

+ Motion don©t stopven dter grains are isolated
+ Motion isthe samefor lifeless paticlesa similar 9ze and
tempeaature. More vigorousat high temperature.
Critique d molecule cdlisions: if moleculesare tiny ard
fast, low could they move gains that laige, ard visible in
microscaqoe.



Einstein:the 2 effectscancel edg other (large displacementare rare).
Randomwalk hasthe sametsucture atall length scalegfractal).

From Biological Physics: Energy,

Information, Life (WH Freeman and

Company, ©2004 by Philip C. Nelson).
Information, Life (WH Freeman and
Company, ©2004 by Philip C. Nelson).

From Biological Physics: Energy,

4.2 (Mathematical functions; experimental data.) (a) Computer simulation of a two-dimensional
random walk with 300 steps. Each step lies on a diagonal as discussed in the text. (b) The same with
7500 steps, each 1/5 the size of the steps in (a). The walk has been sampled every 25 steps, giving
a mean step size similar to that in (a). The figure has both fine detail and an overall structure: We
say there is structure on all length scales. (c) Jean Perrin’s actual experimental data from 1908.
Perrin periodically observed the location of a single particle, then plotted these locations joined
by straight lines, a procedure similar to the periodic sampling used to generate the mathematical
graph (b). The field of view is about 75 um wide. [Simulations kindly supplied by P. Biancaniello;
experimental data from Perrin, 1948.]



Tossa coin, nove left or nght depending on hdaortail. Thechance

to be baclat the garting place &er 10000 &eps s 0.008 ~ 1%. e

additional nogs for calculaton, binomial dstrnibution).

Wha isthemean digplacement afteN steps(L is the sep size)
<(X,)>=NL*=2Dt

D = L%2Dt is the difusion constant.
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4.3 (Experimental data.) Behavior of the binomial distribution. (a) Four coins were tossed, and
the fraction x that came up heads was recorded. The histogram shows the result for a sample of 57
such trials. Because this is a discrete distribution, the bars have been normalized so that the sum
of their heights equals 1. (b) Another sample of 57 tosses of 1 coins. (c) This time, 36 coins were
tossed, again 57 times. The resulting distribution is much narrower than (a,b); we can say with
greater certainty that “about half” our coin tosses will come up heads if the total number of tosses
is large. The bars are not as tall as in (a,b) because the same number of tosses (57) is now being

divided among a larger number of bins (37 rather than 5). [Data kindly supplicd by R. Nelson.
(e>) O o) o7



Diff usion law

Mean-gjuare diplacement increasesinearly with ime < )*>
=2 D t for onedimensonal).

Averaging isimportant. Individua patrticle movementsviddy
varies(see next ide).

Wait long enough, wean obsrve dispacement ofpollen
grains

For 2-dimensonal wdk, <(r,)>> =4 D t. and for 3-dimensind
walk, <(r,)>> =6 D t.(x,y and zare independent diedion).
Macroscopic (measrable) parameteD. Microscopic, L, Dt. To
make gquatitative predictions, need another equation.

Diff usion law is model dependentésaddtional notes.






he missing formula:
friction and dffusion are quantitatively related

Chaper 3: randomcollisions to edistibute mechanical engy
IS friction. L andDt can be related tai€tion (macrosceic
measuable quantty).

A particle under a cortant force comeso aterminal velocity.
with z=2m/Dt.
Stokesformula

We can u friction and dffusion coeficientsto calculate L ad
Dt. But how about a faisable, quanttative prediction?



Einsten©Oformula

Fluctuation is linked to disgpation

Offer amethod to ckculate k,, SnceN

Avogradro

Quartitative and univeral.
Remove doubs$ on the Boltzmann theory bfat.

Wha Is unt of viscosty? HO Is 1 eentipoise at 2€C.



Other random walks

- Polymer confamation + andom coil. Polymerlength play the ra
of diffusion time. il size increass popationally as the guare
root of molarmass(seenextslide).

R ~ N1/2
- Self-avoiding pheilmmeron changeghepower law exponent to
0.58 or 3D, and for 2D polyners.
- Strong attaction can dgroy randomnesdeading to compact
polymercoil R~N!?
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Stock maket: random walk with dft £ Gausian disribution.



Diffusionin sub-cellular world

We @annot obsrve movement ahdividual mokculesbut wecan
predict movement of grups ofmolecules and ief diffusion
consant, for e.g., pread of ink dop:

(

D ~10°m?st or 1nm? ms! for anall molecules

How long dos it take for sugar to gread through bacteriufd
micron)? aukaryotic cdl (10 microng ?

How aboutneural signal? Baderia don©t need 2highys& or
3rucks’, advance organm (eukarya cells) do.



Can we find rules governing full distribution P(xt) instead of jus mean
displacement?
- Use the exat methoduseal in Jide 4 (khnomial distribution).
- Use appoximate method here(more flexible, ampler and
more intuitive).

Fick©Osaw

Diff usion equatian:



