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4.1

Continuous-time sinusoids
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Harmonically related signals
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Discrete-time sinusoids
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Periodicity
LTI system x[n] = el |l y[n] = H (e}®)ele” 7=e

Periodicity in time
x[n+ N]=AcosQrfon + 2rnfoN + 6) = Acos2rfon + 6) = x|n]

o amiN—ak pofo_k_ U T
N =2xk =T =N T T

Result 4.1.1 The sequence x[n] = A cos(2xfon + ) 1s periodic if and only 1f fo = k/N,
that 1s, fo 1s a rational number. If k and N are a pair of prime numbers, then N 1s the
fundamental period of x[n].

Periodicity in frequency
A cos[(wo + k2m)n + 6] = A cos(won + kn2m + 6) = A cos(won + 6)

Result 4.1.2 The sequence x[n] = Acos(won + #) 1s periodic in wp with fundamental
period 2 and periodic in fy with fundamental period one.
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Harmonically related signals

. 2
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Continuous-time Fourier series (CTFS)*

Fourier Synthesis Equation Fourier Analysis Equation
- 1
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Discrete Fourier series
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Gibbs phenomenon
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From Fourier series to Fourier transform

Continuous-time Fourier series Continuous-time Fourier transform

x(r ;
T A1) Tp =10t x(1)

F=kF,
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Continuous-time Fourier transform (CTFT)***

Fourier Synthesis Equation Fourier Analysis Equation
CX} . m .
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—00 —00
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Example of causal exponential signal{:/:

. |
e, 1>0 F Xjamh) = a+ j2nF of
x(1) = 0 0 =
< .
' X(j2) = .oa> 0
(122) a—+ j§2
02 QL=27F
<
Ja? + 2 F)? a
Magnitude 95 F(?{ ] s
5
. 1 F g
ZX(2nF) = —tan 27— < of
a S
Phase 5
-2 - .
- F((I]r[z) :

4.2.2 EE3660 Intro to DSP, Spring 2020 12



Sampling an aperiodic signal with a periodic o

x(1)
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Sampling an aperiodic signal with a periodic o

x(t) X(j2wF)
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Discrete-time Fourier series (DTFS)

Fourier Synthesis Equation Fourier Analysis Equation
N—1 , 1 N—1 .
- i
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From Fourier series to Fourier transform

Discrete-time Fourier series Discrete-time Fourier transform
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Discrete-time Fourier transform (DTF

Fourier Synthesis Equation Fourier Analysis Equation
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Summary of Fourier series and transform

Computable signals

Continuous - time signals

Discrete - time signals

Time-domain Frequency-domain Time-domain Frequency-domain
x(1) € x[n] ¢
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4.4 EE3660 Intro to DSP, Spring 2020 19




The z-transform vs. DTFT
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Figure 4.26 The relationship between the z-transform and the DTFT for a sequence with two

jEm/4

complex-conjugate poles at 7 = 0.9¢ and two zeros at 7 = £1.
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Symmetry properties of the DTFT

Sequence x[#] Transform X( ej“’} Sequence x[7] Transform X( ej“’)
Complex signals Real signals
xX*[n] X*(e ) X(eJ®) = X*(e™1)
W [—n] X*(ei®) Xr(e?) = Xg (™)
joy & 1 jw *(a—Jo Jjoy — _ —Jo
xrln] Xe(el®) 2 | [X(e )+ X*(e )] PR E(ejw)| X](ejw )
. Lo\ A - _i ()| = [X(e™)*)]
jxiln] Xo(el®) £ 1| X(el®) — X*(eTi@) . .
I [ ] /X(el?) = —/X (e~ @)
Xe[n] £ %(x[n] +x*[-n])  Xr(eI?)
| _1 I jo
xoln] 2 L[] — *[—nl)  jXi(el®) Xeln] = 5 (x[n] + x[—n])  Xgr(e)?) |
- Even part of x[n] real part of X(el?) (even)
Xo[n] = 5 (x[n] —x[—n])  jXi(e/®)

Odd part of x[n]

imaginary part of X(el®) (odd)

4.5

EE3660 Intro to DSP, Spring 2020

21



x[n] = a"uln]

Example
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Figure 4.27 Plots of the magnitude (a), phase (b), real part (c), and imaginary part (d) of the
DTFT for the sequence x[n] = a"u[n]. The solid lines correspond to a lowpass sequence
(a = 0.8) and the dashed lines to a highpass sequence (@ = —0.8).
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Example A O<n<L—|
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4.5
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