3.4). THE DISCRETE COSINE TRANSFORM
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Recall :- When i/\ieqoda;ffng n pG\T\"S X;= % n (O/Z'r:) Lﬂ o -Fmd\on ﬂn{’(J=K_ZCu€\k we 351'
the DFT 2= f'_,.":f’) where the motnix fa-' had omplex endnes. )
We can gek a madvix 4’ reod entnes r[ we ir\ierpo(o:bz a 'FW\Oh'm o [O1] (no lor\jer needs b be 'er\o'dAC) ak
n e.o,..«auy— spaced points
Xj = Tni(J* %), 4=0..,0-
with o fv/lc'i\'on 6] the fom .
Pn(\() = \('—;ao + ‘/?qucos(kx).
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This is o teal boasis.

The interpoloation condifions give

f,’ = Pn()(j) = (L,,-ao + /’?kz:aucos(k,.n()i-{)) for =0, n-1,
=

i.e.
7= (.3 whoo | )

+ ws(3R)  os(BR) - c,os("“#(é)) 120

[ 505(7-:'('3:)) cos (2(2)) cos(=ln(3) i=1

ws(g(z‘"{_l)) Co CDS{(LJL“(#»J © -

To fad 3 we need to wvert Ca, ond the matix Cr'is colled the discrele cosine "fﬂl\rfoln (_DC_)
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Thm 3.3 — C, is orthoganal, ie. C;'= C,,T.“l

ﬁl’f We can awoidk o mgkfmall ck ‘f’r{sonw’rsy with an indirect me'
let Ap be the reaf symmatic.  crewdant matnx
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We will shou that the columms T & Ca oe the wigenvector 4)- An. This meom thad they
ae automakcally octhogmnal, sinca A, is real symmeknc.
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For ey other column the OONMPCMU\"-" +uluz Hu fomn

M j—cm' l‘T(L 1_))

for j =|,...,n—2
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=z w5[6(1+’) - 0) + Zuorlorid) — cor[8(; %) +e))

i ( 0sBeor0 — sin B 5ind + 2ok = corBoor® + sinBsind)
= Jﬁ:(z—zme)oorlz
= (2 2cos(% "])v

aiguvaluar.

For j=0 we have

(A,0W), = vo(“ - v,{“ = /%(ws(’le) - oo:(-i-ﬁ))
= E(corlt®) - sl +6))

= E(oo:({‘g) - cos(40) cos) + sin(4p) {L"_?)
= Z5in(40) cos[18)

= % cold)[1- cas + Zsm"('le))
= 5 i) (2- 2g) ¢ 07 0
= (Z‘Zmr(#\))vf".
Similarly, exeite !
0Ty = -0l = B nlotoet) = eofot)) = © = (2 p) ot
-

To understand whare this comes fom, note that the columns V9 are disorete approximadions of
cos(kx) at the pontr ;.

Ve tnow thot ul) = corlld sabsfies e differebal equadon -3 = U, e corlled) is an
cigenvalus o tha differental oparator ~Se why eigenalue  k*



The wate , T L d*
nx_’A,. It a fwﬂ dAHQ:er\ca approkimabon To dxr af equally- spaced painds,
(An“)_,' = Tyt ZM_’, - Uy,

= - k“]“ -uj) = (u; - “J")]

so its ugmved‘m ore disgele cosines.
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