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Square Wave CTFS (1)
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Square Wave CTFS (2)
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CTFT of a Rect(t/T) function (1)

Continuous Time Fourier Transform
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CTFT of a Rect(t/T) function (2)

Continuous Time Fourier Transform Aperiodic Continuous Time Signal
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CTFT and CTFS

Continuous Time Fourier Transform Aperiodic Continuous Time Signal
. +o0 ot | + 00 . ot
X(jw) = | x()e’'dt = x(1) = o X(jw) e dw

T

[ X(jo) = sin((x(;)/g/Z) ]

I
2

T
+_
2

Continuous Time Fourier Series Periodic Continuous Time Signal

T | 0 |
C, = %fox(t)eﬂkw dt =  x(¢) = ch Tl
n=0

T‘ Period = T,
c - 1 sin(kw,T/2)
T, kw2 S ‘ ; —
Lo-hoeh ek
Young Won Li
8B Sampler 9 o 512



CTFT — CTFS

Aperiodic Continuous Time Signal
Continuous Time Fourier Transform
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CTFT and CTFS as T,—» o (1)
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CTFT and CTFS as T,- «

(2)
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CTFT of a Rect(t/T) function (3)
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Sampling (1)

Ideal Sampling
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Sampling (2)
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Sampling (3)

Practical Sampling Frequency Domain
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Sampling CTFT

Ideal Sampling Practical Sampling
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Convolution with Impulse Train
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Convolution with Sinc Impulse Train
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CTFT of Sampled Signal
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Periodicity in Frequency

—
I
—
—»
—>
>
—
I
>
—»
R

A

7 3

A

A
e |

CTFT

[e—j2n(f+fs)Tn]: e—j27[(f)Tn - fsT =1

Period = Sampling Frequency [,

(X)) = %(r+7) ]

Young Won Lim

8B Sampler 21 6/15/12



Time Sequence

56(1) Convert to
x(t> > Time Sequence — x[”]

Ideal T
Sampling »

’
5(1 — i”lT) T Sampling Period ’:'

X [n] Time Sequence

T et t

gl

8B Samplel" 22 Young Won Lim

6/15/12



DTFT of a Time Sequence
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Discrete Time Fourier Transform (1)

n] = x(nT)
H TTTTT IH \zn | v 2\7[ ‘Mm

DTFT
x[n] , Sampling Period T ‘ X(f) = Z x[n] e/ T

IS

Normalized Angular Frequency 4
_ 2nf S . :
2nfT = T —ZthS—oo
—4 2 +2 +4 O =ol

DTFT
x[n] , Sampling Period T ‘ X (%) = 3 x[n] oJon

Young Won Lim

8B Sampler 24 6/15/12



Discrete Time Fourier Transform (2)
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Discrete Time Fourier Transform (3)

~

1 27
fs - F znfs = 7 = W,
X(f)  Absolute Frequency
i ] | | | | |
X(f) — Z x[n] o A | | | | oy
n=-—o —2f, =/ 0 +f +2f

Normalized Angular Frequency

e onf , . X (e’°) Normalized Angular Frequency
T = T T T T unit circle —
: emphasize the periodic nature
. A i | | | | |
X)) = > x[n]e " | | | | L e=2nsiy,
n=—o —4n —2n 0 +21 +4n
Young Won Lim
8B Sampler 26 o



Fourier Series Interpretation
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Numerical Approximation x(f) = lim TX(f)

T -0

ﬁv Aﬁ
" CTFT | !

~ :Zio x(nT)e’? fT". ‘|‘
XU~ TR
%(¢) Tfﬁ .:
et ]] HENEN AN AT
T - CTFT i Tm T ".'
(1) = ;OO (nT) 8(¢—nT) - X(f) = ;w x(nT) e />/7 y
8B Samplel" 28 Young Won Lim

6/15/12



Spectrum Replication (1)
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Spectrum Replication (2)
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