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N=8 IDFT Matrix (1)
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Symmetric DFT Matrix — Index (1)
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Symmetric DFT Matrix — Index (2)
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Symmetric DFT Matrix — Index (3)
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Conjugate Transpose DFT Matrix
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Normal, Unitary, Orthogonal Matrix
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Product of DFT & IDFT Matrix

—j(2T/N)k
X|k] = g /2N X|k] =
n
[ 0 ]
+j(5)1n
« I |
e+1(7)(N—1) n
)
((TIEWO i i)
Inner product
(2 . . 0 (n#k)
L I 1 L R L0 (e {
N (n=k)

3B DFT Matrix Properties 12 Young o



N=8 DFT & IDFT Matrix (1)
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N=8 DFT & IDFT Matrix (2)
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Product AB — Diagonal Elements
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Product AB - Off-Diagonal Elements
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Root of Unity
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Complex Vector Inner Product

Hermitian inner product

(x,y) = x"-y = Zx;yi x? : conjugate transpose
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Cauchy-Schwartz Inequality

For all vectors x and y of an inner product space

(e, ) < (e, %) (p, p)

[ )< Il Iyl
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Orthogonality

7
X[k] = D, W& x[n] we" =e °
n=20

I
AN
AN
Ss
I
=
~

H_ p AB=N1 A" 4
" -,
A BA=N1 B" B

I
oo
o
=
I
=
I~

L S S T T S S
Fol Py P3Py Fshely

r P " P> * * * * * * * *
o e | o o 1) ForFy Fo P Fo F, ForFy FocF, FocFs ForFg o T
—=If - (- «— -4/~ —’ - * * * * * * * *
—~- L=+ l n [v ANV} P F, P F P F, P F; FcF, F-F; F Fg F T
TN\ At/ F,oFy PP, Py ¥y Py oy Py F, Py F. P F. Py F)
| 1] 7 4 | 2ty 2 2 F 21 2Ty 2 Fs 2 Fe 2 1
FAR ARy B b Fo Fr Fo B Py By P Fi P Ky P Fr P ¥ P
P 1\ 7 G \ _ 3 Ty 3 F 3 3° 13 3° ¥y 3°Fs 3 Fg 3 F
() — Sr N _* K- p— * * * * * * * *
I L PN LI' A VR Y VR S VR A R S RN ST TR T TR P TR
A
- - _\T — _ — ]-\— * * * * * * * *
I I\ '(_ SN\ Fs ¥V, Fs ¥, Fs ¥, Fs Fy FsF, Fs'Fs P Fg Fso T,
I_ — — N — \\_ — I_ * * * * * * * *
\u i N N Fg-Fy Fg ¥y Fg ¥y Fg ¥y Fg ¥y Fg'¥s FeoTg Fg' 1y
\_I LA _ — — W N — * * * * * * * *
\ \\ , (¢ 1Ny o ry F, F, I, F, I, Fy P, ¥, Py Fs TP Pyt
- | | | d b -
y

3B DFT Matrix Properties 20 Young o



N=8 DFT : Inner Product X[0]

= ;m X[0] measures “0 cycle” component in x
X[2]
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X1[7]
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-3 cycles
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+3 CYCleS ............. Im [ —j%kn] = sin(—z—nkn)
+2 cycles €
+1 cycles
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N=8 DFT : Inner Product X[1]

Alo] X[1] measures “+1 cycle” component in x
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N=8 DFT : Inner Product X[2]

; m X[2] measures “+2 cycle” component in x
1 x[2]

03 )=y x < )]
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N=8 DFT : Inner Product X[3]

ol e fia e o Yo e
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0 cycle
-1 cycles
-2 cycles
-3 cycles
-4 cycles
+3 cycles
+2 cycles
+1 cycles

3B DFT Matrix Properties

X[3] measures “+3 cycle” component in x

(ry,x)=ry-x < [ry]|-[Ix]

: _ H
maximum when X = kry

When x looks like this, X[3] is max.

Young Won Lim
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N=8 DFT : Inner Product X[4]
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0 cycle
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3B DFT Matrix Properties

X[4] measures “+4 cycle” component in x

(ry,x)=ry-x < [r]l-lIx|

: _ .. H
maximum when X = kr,

When x looks like this, X[4] is max.
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N=8 DFT : Inner Product X[5]
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N=8 DFT : Inner Product X[6]
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3B DFT Matrix Properties
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N=8 DFT : Inner Product X[7]
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X[7] measures “-1 cycle” component in x

(i x)=r;x < |ry [l llx]

: _ H
maximum when X = kr,

When x looks like this, X[ 7] is max.
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N=8 DFT : X[0] in A-B

A-B=A-A" =NI
U-U"=1
Unitary Matrix
ﬁ When x looks like this, X[0] is max. (=N)
X X[kl =0 for kZz0
X[O] — [ e‘]%'o e—JZO e—JZO e—J—O e—J_O e—j—O e_jzo e—jzo } °
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N=8 DFT : X[1] in A:B

A-B=A-A" =N1T

U-U"=1
Unitary Matrix

When x looks like this, X[1] is max. (=N)
X[kl =0 for k#1
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N=8 DFT : X[2] in A:B

A-B=A-A" =N1T

U-U"=1
Unitary Matrix

When x looks like this, X[2] is max. (=N)
X[kl =0 for k2
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N=8 DFT : X[3] in A-B

A-B=A-A" =N1T

U-U"=1
Unitary Matrix

ﬁ When x looks like this, X[3] is max. (=N)
X X[kl =0 for k3
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N=8 DFT : X[4] in A:B

A-B=A-A" =N1T

U-U"=1
Unitary Matrix

When x looks like this, X[4] is max. (=N) ﬁ
X[kl =0 for kx4 Xx
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N=8 DFT : X[5] in A-B

A-B=A-A" =N1T

U-U"=1
Unitary Matrix

When x looks like this, X[5] is max. (=N) ﬁ
X[kl =0 for k5 Xx
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N=8 DFT : X[6] in A-B

A-B=A-A" =N1T

U-U"=1
Unitary Matrix

When x looks like this, X[6] is max. (=N)
X[kl =0 for kZ6
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N=8 DFT : X[7] in A:B

A-B=A-A" =N1T

U-U"=1
Unitary Matrix

X[7] |

When x looks like this, X[ 7] is max. (=N)
X[kl =0 for kz7
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