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Course Video
Section 5.6: Trigonometric Interpolation

Prof. R. Hiptmair, SAM, ETH Zurich

Date: November 8, 2020
(C) Seminar fur Angewandte Mathematik, ETH Zlrich

Prerequisites.

e Complex arithmetic
e Relationship between trigopnometric functions and the complex exponential function

Dependencies. Section 5.2.2, Section 5.2.3

Duration: 3() minutes

V. Data |y fion and
Dt whﬂp(mm 77D

h.6. \_r{gonomeﬁi(, n%er;b[aﬁbn

nkpolate def poiab (€, )6R, k=0, r,
obtined e &Wn/ylc/% a T paidic™ Guckion £RR
T =0 lkpwn ¥ LrT) = £UE) Ve

Assume 0=zt = T
> Mbond o T- pencauc /‘m/@p?éfmﬁ

Task: Given data points (;,v;), y; € K, t; € [0, T[, find a T-periodic function f : R — K (the interpolant),
f(t+T) = f(t) Vt € R, that satisfies the interpolation conditions

fti)=vyi, i=0,..., n. (5.6.0.2)

> Now: T= -1
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5.6. 1
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Definition 5.6.1.1. Space of trigonometric polynomials

The vector space of 1-periodic trigonometric polynomials of degree 21, n € IN, is given by

P31, := Span{t — cos(27jt), t — sin(27'tjt)};7:0 C C*(R) .
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Corollary 5.6.1.6. Dimension of P,

The vector space P has dimension dimP;, = 2n + 1.
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gePy, & q(t) = p(e?™) for some p € Py, . (5.6.2.2)
' =
| C 7(6(( ) :7/ic S Jncmﬁ;( P(@Zm k) _ >/[(
A
L p(zk ) =N
;k = ZUL{“/\C >/I< _ érrc % >//C ( I(= - T

Lagrange polynomlal interpolation € 4:
through data ponnts( 27ty 27N t"Jk) k=0,...,

e C?
D> beislene & umtqunen gof v%iz (’r;/@(W{&mé

e % %Wm for MW /M’/%O(éz(faw /

Trigonometric lnterpolatlon through
data points (tz, yk),

5.6.3. Ez,zazk(('sjmt _|_|7§0|70me7n'c /nbpohﬁm
NMow - duf /;m(/?f ( b =
§563

>/|C>é/€</ kaa/—/, 2/2

2o+ (

%gﬂ (@%ﬁ@@on of auuichsloqt  hgorometic

2n
2mint

geP, = q(t)=e p(e¥™) with p(z E'y]z] Pan , (5.6.3)
j=0
,, C N 7[‘&{) = >/(<
i (2 K ) = (b)k := exp(2 nk ) k=0,...,2 5.6.32
__O'y]exp 7T12n+1 —L’A;;. exp m2n+1 Yi , =0,..., n (5.6.32)
]_
%
= 1
Foiic=b, c=[yo...,y2a) "M o= s—Fan1b . (5.6.3.3)
= n+1
\ 2k 7 It f 20+

(2n +1) x (2n + 1) (conjugate) Fourier matrix, see (4.2.1.13)!
~Adi g p vV — /
— LNf 1
FZWM B (é ]4/z=o J/} ‘/7>/ :DF/DZnM .

cosk = 0w (% n) for FET -hwed ('m/lmzz(ffa@mq

[ Ve, ot = 0(w5> v Laonirt limioafon |



€)

$5.6.3.6 tUMéMf;

\%m0mz 1C

Task:

q(t) =ao+ Y ajcos(27tjt) + Bjsin(27jt)
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Find an efficient way to evaluate the trigopnometric polynomial

a,B; €R, (5.6.1.3)
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