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Diffusion eguation



Diffusion equation




kappa = 1; tf =
= 2*np.pi; N = 64; h = L/N
= np.arange(0,N); x = j*h

= np.exp(-2*(x-pl1)**2) # init cond
fk = np.fft.rfft(£,N)/N

= np.linspace(0, N//2, N//2+1)

# Final states
fk t = fk*np.exp(-kappa*kx**2*tf)
f t = np.fft.irfft(fk t,N)*N # in Real space







CFL condition
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Wave equation
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Stability
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Burgers equation



Ot + UOxu = v 0°u, or O + 0x(u?/2) =v 0°u,
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|1 —vk? (At)] <1, or At <2/ (k3.




Crank-Nicolson scheme
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Exponential Irick

k=

— P Ty, R ; SR 1. A A
= 12 U vk U = Nk vk u, u]/( — uk eXp(I/kzt),

d . 5
Eu,’( = — N, exp(ykzt) :

An application Euler’s forward scheme to the above equation yields

A+ = [ugl) - (At)](fg’l)] exp(—vk2(Ar)).




Convolution computation
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0.1; tf = 1; dt = 0.001; nsteps = int(tf/dt)
2*np.pi; N = 64; h = L/N
np.arange(0,N); x = j*h

kx = np.linspace(0, N//2, N//2+1)
exp factor dtby2 = np.exp(-nu*kx**2*dt/2)
exp factor = np.exp(-nu*kx**2*dt)

comput Nk (fk):
np.fft.irfft(£fk,N)*N

= f*f
fk prod = np.fft.rfft(f,N)/N
return (1j*kx*fk prod)

np.sin(x) # initiation condition
np.fft.rfft(£,N)/N # FT(f)

for i in range(nsteps+2):
Nk = comput Nk(fk)
fk mid = (fk -(dt/2)*Nk)*exp factor dtby2
Nk mid = comput Nk(fk mid)
= (fk -dt*Nk mid)*exp factor
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On the other hand, based on the nonlinear term,

At < h/Urms = 1/64 =~ 0.015 .




Navier-Stokes egn

Ju+u-Vu=-Vp +vV2u, ..... (80)

V-u=0, .....(81)
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Pressure computation

Ju+u-Va=—-Vp +vV?u, ... (80)
—V?p=V.-[u-Vu]=V-N,

V-u=0, .....(81)
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Eﬁk’i = — ikjuj(r)ui(r)k = ikiﬁk = l/kzﬁk’i
= — Nk,i = ikiﬁk = I/kzﬁk,l' J esses (82)
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Tv / TNL = urmsh/ V = Re/ N




Schrodinger Equaion



t=t'(h/E;) and r =17,

i0y = |—%v’2 + V’(r’)] "

& = hz/(mrazEa) and V’:V/Ea.




it = gD exp(—iak(Ar) — iQAN) (V) exp(—i k(AL







Quantum Oscillator




Gross—Pitaevskii Equation
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Thank you!



