
Soft 
ondensed matter physi
s, spring 2010Exer
ise 3The answers are to be returned no later than Tue 9.2.2010 at 16:00. The answers aredis
ussed in the exer
ise session Thu 11.2.2010 at 16:00, room D115.Brownian motion, random walks and di�usion1. The Brownian motion of a small (mi
ron-size) parti
le suspended in an isotropi
solvent is one of the simplest examples of sto
hasti
 fra
tals. Due to the �u
tuativemovement of the solvent mole
ules and their 
ollisions with the parti
le, the parti
lejumps in apparently random dire
tions and ea
h jump has some 
hara
teristi
 meanlength a (Brownian motion is thus often 
alled random walk).a) Show that the mean squared end-to-end distan
e of un
onstrained random walk is
〈r2〉 = Na2 where N is the number of steps. (2 pts.)b) What is the fra
tal dimension of un
onstrained random walk? Explain. (1 pt.)2. The model of random walk 
an be used as a very idealized model of a linear polymer ingood solvent. When the degree of polymerization is very high (N is very large), show that

〈r2〉
〈R2

g〉
= 6,where Rg is the radius of gyration of the polymer.3. For 1D random walk, the exa
t probability fun
tion is a binomial distribution

W (m,N) = (
1

2
)N

N !

(N/2 + m/2)!(N/2 − m/2)!
,where W (m,N) is the probability that the parti
le starting from the origin will rea
h thepoint x = ma after N jumps.a) Show that for m << N , the probability fun
tion 
an be approximated as

W (m,N) = (
2

πN
)1/2 exp(−m2

2N
).Hint: ln(W ), and Stirling's approximation to get rid of the fa
torials.b) If N is large enough, the distribution 
an be 
onsidered as a fun
tion of a 
ontinuousvariable x = ma (e.g. W (x,N)dx). What is the varian
e σ2 in this 
ase? (1 pt.)4. The Fi
k's se
ond law of di�usion relates the rate of 
hange of 
on
entration C at apoint to the spatial variation of the 
on
entration at that point:

∂C

∂t
= D

∂2C

∂x2
,where D is the di�usion 
oe�
ient (assumed 
onstant in this 
ase). Show that thefollowing fun
tion is a solution to the di�usion equation:

C(x, t) =
B√
Dt

exp(− x2

4Dt
), (1)where B is a 
onstant independent of both x and t. TURN PAPER



5. a) If in a random walk the time between ea
h step is τ and t is the total time, what isthe di�usion 
oe�
ient of a random walk (
ompare problems 3b & 4 )? (1 pt.)b) Show that for Eq. 1 in problem 4 the mean squared distan
e 〈x2〉 = 2Dt. How doesthis relate to the random walk mean squared end-to-end distan
e? (2 pts.)Re
ommended reading on the subje
ts at handRi
hard A.L. Jones, Soft Condensed Matter, 
hapters 4 & 5.William D. Callister, Jr, Material s
ien
e and engineering, 
hapter 5.Mi
hel Daune, Mole
ular Biophysi
s, 
hapter 7.


