HW Reminders

o Submit a stand-alone self-contained PDF file

- Do not include code in your report = codes should be submitted separately
(.zip archive or as .txt files)

> Put your name In the filename of your report
- Read the instructions carefully
o If you ever need to emalil me .py codes, attach them via Google Drive

- Make sure your figures are showing what you are trying to demonstrate




Log-Linear Plots

Figure 6: Derivative approximation error E, vs. number of nodes n
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Log-Log Plots

Estimated interpolation error vs number of interpolation nodes, triangle wave
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A note on even sized grids

L2 Error of Fourier Interpolants of Derivative
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Working with even-sized grids

> Suppose you have a Fourier interpolant on an interval of size L using N nodes:

p

. A 2 A 2
bo + Z (qﬁk exp(z%k:a:) + ¢n_1-k €xp(— z%km)) , N odd,

O<k< i1

ox) =1 . A . .
Po + ZN (qﬁk exp(ika) + ON—k exp(—ika)) + qu/z coq(fim) N even,

> Suppose we want our interpolant on a finer grid x; = Lﬁj M > N

([ 2] 217
Po + Z_ (qbkexp(zik)+¢5;\r 1—k exp(— z%k}), N odd,

&)(Ij) ) A 2 - 27y ~ 21y ~
¢o + Z (% exp(iﬁk) + ON—k eXp(—in)) + ¢ /2 cos(

2m9 N

Wi), N evell,




The special N/2 mode for even N

QW]N ): @N/Q

Onyz cos( M 2

> |.e. separate the ¢ part into two halves = other half for the matched mode
2




The Interpft routine:

o If NV is even,

1. Use £ft on the N interpolation points to obtain Fourier coefficients ¢, - - - , dn—_1;
2. Apply oversampling to the Fourier coefficients

; g ! P dns2 ] )
(Ck')ivzl — (GS(]?(bl,"' aqu/Q—la {\;2:0:"' , 0, {;/Qaqu/2+1:'” :GSN—l);
3. Apply ifft to (¢é);_;, obtain the interpolation estimated on fine grids.




Spectral Differentiation

- What about for differentiation? Suppose:

r i ¢ ; o nr
o) = fo+ Y (fee™ + fare ™) + faszcos(%),
0<k<3
> Differentiating:

ox) = ). (fkeikm'ik‘|‘fnk€ikm'(—ik))— fn/gsm(@).g

2
0<k<3
N " _ ~ 1 . o
= 37 (fee™ ik + fase ™ (<ik)) + fuppg (75 + D7 (<ig)).
0<k<ig




The differentiation interpft routine:

1. Use £ft on the n interpolation points to obtain Fourier coefficients fo, - , fu_1;
2. Multiply the Fourier coefficients with the corresponding frequency (we do not zero out the special mode,
but we would do this if N = n!)

2 _f 2_7T 1k, k<n/2,
Pk = Ik L —i(n—k), k>n/2;
3. Apply oversampling to N Fourier coefficients

. Y7 ; ¢ $nsz g n
(Ck)?(:l — (Qb,O? 65’1: T aayn/Q—l: T/Q: Oa o :O: _ 2/2 9 Cb,n/Q—{—la T :stn—l);
4. Apply ifft to (éx)s_,, obtain the derivative of interpolation estimated on fine grids.




The KdV Equation

> In Fourier space, we write the RHS of the KdV equation as

ik D — 3ik G f((}'lg"b) 2),

- Dealing with the squared term:

1. Zero-pad ¢ to N', ifft back to real space (with N’ > 3N /2 for anti-aliasing)
2. Element-wise multiplication, fft back to fourier space

3. Truncate backto N




The KdV Equation: the routine

e

1. Compute the ¢? term

2. Multiply the Fourier coefficients with the corresponding frequency to obtain K [¢(-)] (note that again
we do not zero out the N/2 mode unless M = N)

P { i(22k)30) — 3i%ke?, k< N/2,
L= (N - k))?’(;ﬁ — 325 (N — k)i, k> N/2,

3. Apply oversampling to M points:
F F
(Ck)k‘ 1 = (Fl)aFla FN/Z 15 Nﬂ Ty T NQ/Q:'FN/2+13"' 3FN—1);
4. Apply ifft to (Ck)kzla obtain the approximation IC (-, t)] estimated on fine grids.
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