Flocking

self-propelled particles:

x;i(t + At) = xi(t) + vi(t) At
vi(t) = v(cos b;(t) & + sin 6;(t) )
Oit + At) = (0;() i, i<k + AY,

uniformin [n/2,n/2]

Kinetic phase transition:
fixedp: @~ (ne(p) —n)”
fixedn: @~ (p— pe(n))°
Scaling function:

20p) = (n:(]p)) ’

Kt

1—u)?, ifu<l
if u>1

scaling exponents:

Q

F n = n ~ € dne 5
@n,pcnﬂz@() Y [ R— m(b(l— )Ne
( ( ) ) Uc(ﬂ((n) + 6) 77+ € dne n dp

sog=p.
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Surface growth

average height:

surface width:

w(L,t) = \/< (h(x, 1) — B(t))2>z

scaling of width:

early times, ¢t < ty: w(L,t) ~t? 3 growth exponent
late times, ¢ > ty:  w(L,t) ~ wsa L) ~ L™ «: roughness exponent
crossover time: ty ~ L7 z: dynamic exponent
Family-Vicsek scaling relation:
(.1 L“f(t) F(u) u?,  ifu<1
w y ~ u) ~ .
L? const ifu>1
scaling law:
w(L,tx) ~ L® } a
z Z==5
~tD ~ L B

self-affine surface:

h(z) similarto  b*h (%)

eg. graph of random walk:

1
((y(t+ At) —y(1)?), ~ At = a=s3
Models:
e random deposition
e random deposition with surface relaxation
e restricted solid-on-solid (RSOS): maintainz) — h(z +1)] < 1
Continuum equations:
oh
noise:
eg-Tl(fEa t) : <T}(£L‘, t)> = 07 <77(:E, t)’l(ﬂfla t/)> = 2D5(Z - x/)é(t - t/)
desired symmetries:t — ¢t + At
h — h+ Ah
T —x+ Az
x — —x, Or rotation
h— —h (if equilibrium)
simplest, Edwards-Wilkinson:
oh 9 d 1 d
breakingh — —h symmetry, Kardar-Parisi-Zhang (KPZ):
oh 9 A 9 1 1
_ = — f = 1 N = — = — =
5 Vh+2(Vh) +n(z,t) ord a=g, B 30 ?
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