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CTFS with Complex Coefficients
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CTFS and DTFS

Continuous Time x(t) Discrete Time x[n]
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DTFS Correlation Process
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N Sampled Instants
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Two Types of Inner Product
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CTFS and DTFS Inner Product Representations

Continuous Time CTFS Discrete Time DTFS
+00 ) M +j2—nkn
x(t) = 3 c, etk x[n] = Y yoe "
k=—x k=—M
0<t=<T n= 0,1, 2, , N—1,
1 7 ke N-1 22
C, = — fo X(t) e 7Kt gt Y, = iz X[n] e 'V
T Nn=0
k= -2 -1, 0, +1, +2, ... k= —M , 0, +M
i(27/T)k j(27t/N )k
(x(t) , e ( x(t) , ey
+j(2m/T)kt +j(2m/T)kt\ k +j(2m/N)kn +j(2m/N)kn\ Yk
( , ) ( )@ )
invertible invertible
X(t) . ——— Ck X[n] eeeee——— Yk
3B DTFS 8 Young Won Lim

8/20/16



Truncate CTFS Coefficients
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Approximated Coefficients
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Approximated Synthesis
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Approximated CTFS and DTFS Synthesis
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CTFS, DTFS, and DFT
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DTFS and DFT

Discrete Fourier Transform
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Fourier Analysis Types

Continuous Time Fourier Series CTFS
T : e _
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CTFT and DFT

Continuous Time Fourier Transform CTFT
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CTFT -» DFT (1)

Continuous Time Fourier Transform
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CTFT -» DFT (2)

Continuous Time Fourier Transform
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CTFT - DFT (3)

Continuous Time Fourier Transform
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CTFT —» DFT (4)

Continuous Time Fourier Transform
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CTFT - DFT (5)

Continuous Time Fourier Transform
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CTFT of a Sampled Signal

Continuous Time Fourier Transform
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DTFT and CTFT

Continuous Time Fourier Transform

X(jw) = [ x(t) e ’“dt

— 00

Discrete Time Fourier Transform

+ o0

X(’®) = D x[n]e®

n=—ow

3B DTFS

23

Young Won Lim



DTFT and CTFT

/ +o ' \ / 1 +to \
X(jo) = 2 x[nT)e ™ X,(jo)= T—k_Z X (jlo—ka,))
< —jonT — 231:
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- n=— J - ’ /
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X(e®) = x(e™T) = =3 X (j(w-kw,)
w = wT, T, =,
_ 1 < 27k
= 7 2 Kdilw=5)
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DTFT and DFT

DTFT of a sampled signal

400

X(e®) = D, x[n]ee" ®» = wT,

n= —w

Frequency Samples

w—-ow, 0=0, <2m 0<k<N 0=<n<lL

. L-1 . 2
X(e!™) = Z x[n] e " o, = LR
n=20 N

DFT of a sampled signal

X[k] — X j2T/N)k 2 —J (2m/N)k

DTFT sampled in frequency
Young Won Li
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CTFT and DFT

DFT of a sampled signal

3B DTFS

X[k]

j(2T/N)k —] (2m/N)k
= X(e/O" Z

DTFT sampled in frequency

X (e’") o = 2Tk CTFT evaluated at

NT,
1 + o0
— — X (jlw—1w _ 2wk
I I=Z—:oo -l )= NT,
=L S x(jo-1ET)  _ omk
T, = ° T,”  ®=T7Jr,
26

_ 21k
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From DTFT to DFT (1)

DTFT of a sampled signal
o +00 - R
X(e®) = D, x[n]ee" ®» = wT,
Frequency Samples
w—-ow, 0=0, <2m 0<k<N 0=<n<lL
. L-1 . 2
X(e™) = > x[n]e ™ o, = |2
n=20 N
DFT of a sampled signal
X[k] — X j2T/N)k 2 —J (2m/N)k
DTFT sampled in frequency
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From FT to DFT (1)

f(¢) sampling time T

x(kt) = f(t)8(t—kt)wl(t) window function 0=<t=<T

X(w) = fioox(t) e 1°dt Fourier Transform
discrete time t = k< fundamental frequency
discrete freq w = w, = 27f, 11 f,
o= T =N
N-1 )
X(w,) = 2 x(nt)e 2 K-th harmonics
n=0 fo = k-l — k-i — k-&
—j21'rk(— nt ‘ T NT N
e—jZTl'fknT — N
Nl —Jz—nkn
X(w) = 2 x(nt)e "
n=0
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From FT to DFT (2)

sampling time T

x(kt) = f(6)8(t—kt)w(t) window function 0<t=<T
X(w) = fi:x(t) e /°'dt Fourier Transform
discrete time t = k< fundamental frequency
discrete freq w = w, = 27f, foo 11 f,
= T ° T Nt N
X(wy) = x(nt)e " k-th harmonics
n=0 1 1 k fs
=k fo=hoq =y =ky
‘ N
Nt —12—“kn . .
X[k] = x[n]e Discrete Fourier Transform
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FT - DFT Example (1)

f(t) = cos(2m-1-t) — %COS(ZT('B'I) + %cos(Zn-S-t)

W+
ul| -

>
=
= —o

N e N |
W o -

Young Won Lim

3B DTFS 30 8/20/16



FT - DFT Example (2)

Fourier Series Expansion of Impulse Train

+ o0
Z +jkw,t
a e

k=—o

\J

. . . w, = fs
Fourier Series Coefficients T

+1/2

1 f 6 —]kwt

—1/2

+7/2
1 —kmO
= = 6 J
- T
3

—7/2

» -3f, -2f, —f, f. 2f, 3f,
_ 1 _ 1
= _!/2 5(t)dt = T
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FT - DFT Example (3)

T ) —jwt T
S(o) = [el™de = | ]
0 —JW o
1 T -
. >t
e_J(DT — 1 >
- . ro 7
—Jw 2 2
_ e—j(DT/Z(e—ju)T/Z . e+j(DT/2) W(t) — S(t_%)
_jw

sin(wT/2)  _jorn
_ e
wT/2

W(w) = e’ S(w)

_sin(wT/2)  _jor
= -e
wT /2
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From DTFT to DFT (4)

T T Y e Y
W W W
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From DTFT to DFT (5)

Wl
bt 11—
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