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we fLinod the coordinates of x (i.e. how
do  we ‘Qltf\o( the linear coefPicients)?

Answer : Fourier's Trick.
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& E?Cplc.‘.n c'r\c.fug;v‘\a COOhoq'mq*'es wi”ﬂ matrin inverses
Considler the circular shifd o@erc»-lor" S: "~ C”,

S(x)= [x,, % % - Zua].

Tk'ns S a lineer éran{formc."io\ﬂ 'Prom a '?in'u‘l‘e .
oQ‘.mens'-ono.l »uedor <pece 1o o -e'.n;-le Aimensiona

ﬂlcc'\'or quce. T'hu.s, 1 Can Le, r:preSen'Ie _
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then T () = S%(T() Y ke Z,

Let ?G, y €y FRE e,.,-.f be the S‘,‘an,vo_’i“fd basis.
Then K= X, Co+ K€t v+ Xy Cun-y T né- Xn€n .
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The meadeix for T is a circwlant medrix,

A'\o'“‘\cr wa-y o weide it
T(x) = & ha S7(x) = (Z_k ) «

J

T"\.s is 'H'\e (!PCM.\cu\" Me;'h‘.l'X.
I will alse call 4his melrizx T. 7-(2\)"' -T-xn

«Jl\er: T = :(_-:]hg' .
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We will £ind the eia'en-zJec‘lors o -T.

Lemmed: A Vec_“o{‘ v 1S an eigenveclor of T

if% v s an enveclor ofV Y,
Proot: T (Y= £ ho €0 = 2 ho X = (5 Ao iC)w,

SO, Z‘g we emJ an ei enbcf.s,s o-‘; S’ 'Il')eh
Wwe ha—uc (,°“ﬂ=p an ecaenbas:s o'(’ 'T-'

Lel v be an eigen value of Y. Fhen SvsAv,
Since S is iavertible, 2% O.

e S Sy S VIS, |

B Vne 2 L Vo, Ve Ay, v, = Ay v, v, s AU,
if VesoO, then V=0. . v, # O,

X Lelk SCa.le then y So  thed 1/0 = 1.

= Uy = ;L Vo or 1~: | 3

-A-S—t-‘-‘ ﬂt‘l‘c arq ~N ur\'-?“-! N’k l\oa'lS o'g l
Le"’ W = exp ( /mB let 23= o‘)‘:‘. TL\;S aiues

(VXN + e e enUCQ or
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Thece are the DFT  ectors.
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Ue can normalize these weclors: u;: %’Uj”‘
: V;
”'lelph\/' VJ DY %;v—u

The Se" fl/(,,ul,,..., u,.,_,f S an on'”\onot‘n'\a’
4 <;6¢an§“;§. Tt ;s called the ™ Discrele Fourier

Rasig.
Le‘* Fu Le '”\e /\/"/\/ mc\-’r',*x wL\oSe 3“‘ co’umn
;’ is Uj. Then Fu is e uni"ary materix.
3 The Ckc..aa( o'(’ cocﬁolinc..'le 'Prom the s'lanc,[at‘o'{
. bacis 4o Ythe Discrele Fowrier basis s
.ﬁ F-.:'= F-uk.
| X =FJ’«. % s C«.llcc/’ th e “Uni"ary‘ Disuc"f
: Fouprier ﬂqns"porm ) x.
1 We know that Fuf is a set of octhonormel
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I.e. T s Jiqaor;a’iieJ b—y Fa.
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Tx=FoIMF*x & (h® 2)= FLI"F.*
o FR*(hex)-= I~ F.r

<= f®‘\7c- = r_';t‘ This s the con-x/o/u*“o».
theorem.,




