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Systems

Linear/Non-linear
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Impulse Response
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Convolution

Convolution sum
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Convolution

y(n) = h(n) * x(n)
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Convolution

x(n) = a™u(n) ¢ <0<<\

h(n) = u(n)
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Convolution

x(n) =1,
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Convolution

x(n) =[1,-1,2,1]
h(n) — [1,—1]
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Convolution

x(t) = e #

h(t) = u(t)




Convolution: demo

Continuous Convolution
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Convolution
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1, O0<t<T
x(t) = {0, otherwise

Convolution

x(t) =1, for 0<t<T else0
h(t) = t, for 0 <t <2Telse0
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Convolution 1\
x(t) = e #
h(t) = u(t)
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Convolution with 6(t)
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Convolution: Properties )
y(n) = i x(K)h(n—k) y(n) = x(n) * [h;(n) + h,(n)]
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Convolution: Example
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Systems: Block Diagrams: DTS
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System Properties: impulse response

. Memoryless? | = Ka(t),) h(n) = K8(n)

* Invertible?
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System Properties




Ref: Derivation in chapter 4: Section 4.4

Convolution & Fourier

Convolution in Time domain and multiplication in frequency domain

X |

y(t) = x(t) * h(t) r
Y(jw) = X(w)H(jw) /\/\/\ . E

| y(t)1= x(.t)h(t) | Xw\\ b4
Y(jw) = %X(]a)) * H(jw)




Ref: Derivation in chapter 4: Section 4.4

Convolution & Fourier

h(t) = 6(t —to)
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H(jw) = e /@t
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System: Transfer Function

h(t) - Impulse Response of system Y y(t) = x(t) = h(t)
Y () = X(w)H (o)
H(jw) - Transfer Function of system /
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Dynamic Systems

Convolution & Fourier: diff. Eq.

dy(t) B
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h(t) =?




Dynamic Systems
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Dynamic Systems

Convolution & Fourier: diff. Eq.
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Convolution, Fourier: Spectral Filtering ..
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Convolution, Fourier: Spectral Filtering

sin(w,t)

h(t) = y
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Spectral Filtering




Spectral Filtering




Useful:

for |a| < 1

for |a| < 1




Systems: Exercise

1.17. Consider a continuous-time system with input x(r) and output y(f) related by

y(t) = x(sin(r)).

(a) Is this system causal?
(b) Is this system linear?

1.18. Consider a discrete-time system with input x[n] and output y[n] related by

H~+ Ry

yinl = > xlk],

f(=f3—r?[]

where ny is a finite positive integer.

(a) Is this system linear?

(a) Is this system time-invariant?

(¢) If x[n] is known to be bounded by a finite integer B (i.e., |x[r]| < B for all n), it
can be shown that y[#n] is bounded by a finite number C. We conclude that the
given system is stable. Express C in terms of B and ny.




Systems: Exercise

1.19.

1.20.

For each of the following input-output relationships, determine whether the corre-
sponding system is linear, time invariant or both.

@ y@t) = 2xt—1) (b) yln] = x*[n — 2]

(©) y[n] = x[n+ 11— x[n—1]  (d) y[n] = Od{x(1)}

A continuous-time linear system S with input x(¢) and output y(¢) yields the follow-
ing input-output pairs:

S )
x(t) = ¢ — y(r) = &/,

. S .
x(t) = e — y(1) = e .

(a) If x;(r) = cos(2t), determine the corresponding output y;(#) for system S.
(b) If xo(t) = cos(2(r — I3)), determine the corresponding output y,(t) for sys-
tem S.



Systems: Exercise

@ 'Melvnmyless ]
(2) Time invariant

(3) Linear
(4) Causal
(5) Stable

1.28.

@ y() =x(r=2)+x(2—-1) (b) y() = [cos(31)]x(t)
2t _ 0, t <0
© YO = |5 xtrd @) = { X0 +x(t=2), =0
10, x(H) <0 _

(® yn) = 40

Determine which of the properties listed in Problem 1.27 hold and which do not
hold for each of the following discrete-time systems. Justify your answers. In each
example, y|n] denotes the system output and x[n] is the system input.

(@) y[n] = x[—n] (b) yln] = x[n = 2] = 2x[n — 8]
(¢) y[n] = nx[n] (d) y[n] = &vi{x[n — 1]}
x[n], n=1 x[n], n=1
(e) y[n] =<0, n=0 () yin] =<0, n=20
xXln+1], n= -1 x[n], n= -1

(8) ylnl = x[4n + 1]



Systems: Exercise

1.30. Determine if each of the following systems is invertible. If it is, construct the inverse
system. If it is not, find two input signals to the system that have the same output.

(@) y(@) = x(t —4) (b) y(r) = cos[x(n)]
(¢) yln] = nx[n] (d y) = [, x(r)d7
x[n — 1], n=1
(e) yn] =<0, n=70 (®) ylnl = x[nlx[n - 1]
~x[n], n<=-—1
(g) v[nl = x[1 —n] (h) y() = [Im e T x(t)dT
() yin] = S5 ()" Fxlk] Gy = 4
| x[e 4+ 1], n=0 B
(k) yln] = { Yinl "2 00 =

x[n/2], neven

(m) yln] = x[2n] (n) yln] = {0, n odd




Convolution: Exercise

2.1. Let
x[n] = 8[n] +28[n—1]—8[n—3] and h[n] = 26[n + 1] + 26[n — 1].

Compute and plot each of the following convolutions:
(@) yi[n] = x[n]* h[n] (b) y2[n] = x[n + 2] * h[n]
(¢) ys3[nl = x[n]* h[n + 2]

2.8. Determine and sketch the convolution of the following two signals:
t+1, 0=r=1
x(t) =4¢2—-1, 1<tr=2,
0, elsewhere

h(t) = 6(t +2) +26(¢t + 1).



Convolution: Exercise

2.2. Consider the signal

n—1
h[n] = (%) {uln + 3] — u[n — 10]}.

Express A and B in terms of n so that the following equation holds:

Mn—-k =G " A=sk=B
0, elsewhere

2.3. Consider an input x[n] and a unit impulse response A[n] given by
2
x[n] = (5) uln — 2],
hln] = uln + 2].

Determine and plot the output y[n] = x[n] * h[n].
2.4. Compute and plot y[n] = x[n] * h[n], where
xln] = 1, 3=n=28
0, otherwise

|1, 4=n<=15
hin] = {0, otherwise '




Convolution: Exercise

2.21. Compute the convolution y[n] = x[n] * h[n] of the following pairs of signals:

x[n] = a"uln],

) hin) = B"u[n],] “rP

(b) x[n] = h[n] = a"uln]

(¢) x[n] = (—3)"uln — 4]
hln] = 4"u[2 — n]
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Convolution: Exercise
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X(t) hit)
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1U2 t 1 2 3
(@
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- t 1 1 Jv t
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(b)
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Exercises: Do at home

Book: Alan V. Oppenheim

Chapter 1 : System Properties
Chapter 2: Convolution

Examples
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