
x1x0

uleftxtright mass concentration of dye
at time t position x

Mlefttrightint_x0x1ulefttxrightdx mass ofdry beteer
x0 and x1 attime t

fracddtMlefttrightfracddtint_x0x1ulefttxrightdxint_x0x1fracpartialpartialtulefttxrightdxMlefttrightint_x0x1utlefttxrightdx

observatin digemous at a rate proportional to

concentrationgradient.intee tubes

fracdMdt
Kleftuxleftx1trightuxleftx0trightright

concentrationgradent

int_x0x1utlefttxrightdxfracdMdtkleftuxleftx1trightuxleftx0trightright



fracpartialpartialx1int_x0x1utlefttxrightdxfrac22x1kleftuxleftx1trightuxleftx0trightright
utlefttx1rightkuxx1leftx1tright

so utlefttxrightkuxxlefttxright

the heat egration in 1D is

gamma0utgammauxx
is called termed affusivity

we've_ looked at this equation of the ansett

uelambdatvleftxright where does this come from

A solution to a PDE is called separable

it uwlefttrightvleftxright

If utgammauxx ten

wlefttrightvleftxrightgammawlefttrightvleftxright
SO fracwlefttrightgammawlefttrightfracvleftxrightvleftxright
If a function of t is going to everywhere



be equal w a factor of x1 both

finetesmustbe construct

Flefttxrightfracwlefttrightwlefttrightgammafracvleftxrightvleftxright

fracpartialpartialtFfrac22tgammafracvleftxrightvleftxright0
frac22xFfrac22xfracWleftHrightM10

so F must be construct

so fracWlefttrightgammaWL1fracVleftxrightVleftxrightlambda
so fracWlefttrightgammaWlefttrightlambda and fracvleftxrightvleftxrightlambda

wlefttrightlambdagammawlefttright and vleftvrightlambdavleftxright

suppose we have a bean of length l

tgeq0ulefttvright0Ul t10
0leqxleqluleft0xrightfleftxright

Dirichlet boundary auditions

specty temp at ends



ten vleftxrightlambdavleftxright0vleft0right0vleftlright0
if lambda0

v0
Vleft0right0Rightarrowb0vaxb
Vleftlright0Rightarrowa0

no

solution.iflambdamu20 I

numu2nu0
RightarrowVc1cosmuxc2sinhmux

vleft0rightc1winleft0rightc2sinhleft0right
c10

Vleftlrightc2sinhleftmulright0arcyf
e26

so c1c2Delta

if lambdamu20

numu2nu0
Rightarrow

Ve1 cos mux C2 Sm my



Vleft0right0Rightarrowc10
Vleftlright0Rightarrowc2smmul0
Rightarrowmulnpi
Rightarrowmufracnpil

Rightarrowlambdafracn2pi2l2

n123ldots

so vleftxrightsinleftfracnpilxrightn12ldots

ulefttxrightegammalambdatsinleftfracnpilxright

efrac6n2pi2e2tsinleftfracnpiexright
the tee genial separable

solution is

ulefttxrightsum_n1inftybnefracgamman2pi2te2sinleftfracnpiexright
what about the bn

uleft0xrightfleftxrightsum_n1inftybnsinleftfracnpilxright
this is a Fourierseries

bnleftlanglefsinleftfracnpilxrightrightrangle



frac1lint_llfleftxrightsinfracnpixldx
Since l
mustbe oddfrac2lint_0lfleftxrightsinfracnpixldx

what if the Dirichlet bonding andities

aunt homogenous

ulefttlrightbetauleftt0rightalphaSay

tgeq0ut0uxx

what should happen in
the long run

the equilibrium solution will be

uleftxrightalphafracbetaalphalx beta

propto

l

if u remove the equilibrium solution

we can solve the equation describing

deviation from equilibrium



hatulefttxrightulefttxrightuleftxright
widetildeulefttQright0widetildeulefttlright

widetildeuleft0xrightuleftoplusxrightuleftxrightfleftxrightalphafracbetaalphaexequivwidetildefleftxright
the

widetildeulefttxrightsum_k1lwidetildebkefracgamman2pi2l2tsinleftfrackpixlright
uler widetildebkfrac2lint_0lwidetildefleftxrightsinleftfrackpixlright

so ulefttxrightalphafracbetaalphalxsum_k1lwidetildebkefracgamman2pil2tcdotsinleftfrackpixlright
decays as exponential

w
fracn2l2



A bit about convergence to equilibrium


