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Properties of Discrete Signals

Even sequence x|[n] Odd sequence x[n]
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Periodic sequence with period N: x[n] = x[n + N]
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Shifting, Reversing and Scaling of Discrete Signals
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Exponential and Sinusoidal Signals

x[n] = |C|e/elatiwoln

Real part Imaginary Part

la| > 1 lal <1
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Periodicity of Discrete Sinusoids

We can have at most N harmonics of a sinusoid with fundamental
7T

frequency wo = 57 ranging from 0,wo, 2wo, . . ., (N — 1)wo.
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Example

Example:
What is the fundamental period of x|[n]

X[n] — e/'27r/3n + ej27r/4n

Example:
Is the system whose input x[n] and output y[n] are given as
y[n] = x[4n + 1] causal, stable, linear, time-invariant?

Example:
Sketch —x[—2n +1] if x = {1,2,3,0,0,0,0,0,1} where"symbol
denotes n = 0.
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Unit step and unit Impulse Sequences

u(n) 8(n)
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oln] = ; 5[K] 5[] = ufn] — u[n — 1]

x[n]d[n — no] = x[no]d[n — no] f x[n]o[n — no] = x[no]

n=—0o0

Energy of a discrete signal x[n] is E= Y. |x[n][?

n=—oo
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Impulse Response of LTI Discrete Systems

o[n] «— y[n] = h[n]

—— k() [
x[nl = > x[k]é[n - K]
k=—00
ylnl = Y x[klh[n — k] = x[n] * y[n]
k=—00

If the system is causal then the impulse response h[n] = 0 for

n < 0 and the output y[n] = ki:;ox[n — K[h[k] = ki;fox[k]h[n — K
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Example
1 0<n<4, a” 0<n<6,
x[n] = . h[n] =
0 otherwise 0 otherwise
xin] hin}
Ml
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Discrete Convolution as

y[0]
y[1]
y = : =
y[N-1]
h[0] 0
h[1] h[0]

H=| h{ h{1]

| hlp—1] hlp—2]
The output is y = Hx
x = ones(5,1); a=1.5;
y = H*x; stem(y);

a Matrix Notation

x[0]
x[1]

x[M —1]
0
0
0

hlp — M] 1

h =a.[0:6]’; H = convmtx(h,5);
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LTI Systems Described by Difference Equations

N M

> aky[n— k] = > bix[n— k].
k=0 k=0
Example:

Determine the output of the system given by

vl — Syln—1] = x{n]
to an input :([n] = Kd[n].

y[n] = (%) K
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Example

ylr] = gyln— 11+ x0o]

Determine y[n] if x[n] = d[n — 1].

vl = (3)" o1
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Consider the cascade interconnection of three causal LTI systems

10
x[n] hyln] = holn] y[n] l
2

The impulse response ha[n] is ha[n] = u[n] — u[n — 2], and the
overall impulse response is
Find the impulse response hy[n].
Find the response of the overall system to the input
x[n] = é[n] — d[n — 1].
h[n] = h1[n] + 2h1[n — 1] + h1[n — 2]
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