Linear Stability Analysis



Governing Equation

« The governing equation (the non-local Cahn-Hilliard
equation) is as follows :

L) A (f(000 1) — EAd(x,1) ~ a (80x,8) — 9

forxinQ, tin (0, T]whereQ =Rd(d=1,2 3)is a
domain.

« The Helmholtz free energy F(¢) = 0.25(¢* — 1)* with f=F
and global minima ¢ = £1.



Coefficients in Governing
equation

¢ ¢ = / ¢dx/|Q| is the average concentration of the initial
Q)

condition

« o : inversely proportional to the square of the total
chain length of the copolymer

« ¢ the gradient energy coefficient.



Numerical Scheme

« We consider a spectral method with the discrete
Fourier transform method. The linear and nonlinear
terms treated implicitly and explicit, respectively.
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Linear Stability Analysis

« By the linear stability analysis, the solution of the
governing equation is assumed to have the form of

= ¢+ Zﬁk cos(kmx)

where B, ()] < 1.

 Substituting the above equation into the governing
equation, we have

dBy
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Linear Stability Analysis

« The equation as in the last slide
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IS up to first order.

= —(km)?[3¢* — 1+ € (k)*|6), + af

« The solution of above one is 3.(t) = 3:(0)e™* where
me = —(km)?[36% — 1+ €2(km)?] — «

Is the growth rate.



Linear Stability Analysis

« Therefore, we have the maximal growth rate

k=1/1—3¢2/ (\/§¢€>

« Next, the theoretical growth rate 7« I1s compared to
the numerical growth rate by our proposed scheme
with different values of k and a.



Numerical Test

« The numerical growth rate is defined by

Nk = = log

T max; |¢}|

 For the numerical test, we let ¢ =0 and an initial
condition ¢(z,0) = 0.01 cos(krz) With e =1/ (10@@ ,
At =10"°% and A =0.01 until T =10"%.



Numerical Results

« Figure in the next slide will suggests that theoretical
values from the linear analysis (solid and dashed line)
and numerical values (circle and diamond) are in good
agreement.

« Moreover, the result shows that k = 10 Is the maximal
growth rate which is consistent with the result from
the theory.
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