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Example 1 of these slides

* Consider the system:

y(t) =x(t —2) +x(2 —t)



Example 1 of these slides

y(t) =x(t —2) +x(2 —t)

 With memory (hon-memoryless): it depends on the past and future....



Example 1 of these slides

y(t) =x(t —2) +x(2 —t)

* Non-causal: it depends on the past and future.... for instance In
t=0:

y(0) = z(—-2) + z(2)



Example 1 of these slides

y(t) =x(t —2) +x(2 —t)

» STABLE: if we have a bounded input x(t) the output is bounded.



Example 1 of these slides

y(t) =x(t —2) +x(2 —t)

* For the linearity, we have first to write the output y_z(t)
corresponding to other input, z(t), defined as linear combination
of two Iinputs:

2(t) = ax1(t) + bxo ()



Example 1 of these slides

 For the linearity, we have first to write the output y_z(t)
corresponding to other input, z(t), defined as linear combination
of two inputs:

2(t) = axq(t) + bxo(t)
Yo (t) = 2(t = 2) + 2(2 — 1)
Y, (t) = ax1(t — 2) + bxo(t — 2) + ax1(2 —t) + bxo (2 — t)

Y,(t) =alx1(t —2)+21(2—1)) +b(xa(t —2) + 22(2 — 1))



Example 1 of these slides

* We have to test if y z(t) iIs equal to y _c(t) (combinations of

outputs):
ye(t) = ayr(t) + by2(t)

e where

yl(f) — $1(i — 2) —+ $1(2 — If)
yg(f) — 332(75 — 2) —+ 2132(2 — Zf)



Example 1 of these slides
* Replacing inside, we obtain:

Ye(t) = a(x1(t —2) +21(2 —1t)) + b(x2(t — 2) + 22(2 — 1))
e then, since:
Y,(t) =alx1(t —2)+x1(2—1)) + b(xa(t —2) +22(2 — 1))

e Wwe have:

e so I1tis linear!!



Example 1 of these slides

y(t) =x(t —2) +x(2 —t)
* For the time-invariance, we have first to compute:

y(t — to)
y(t — to)

z((t — o) —2) + (2 — (t —to))
x(t —to — 2) + (2 — t+tp)



Example 1 of these slides

y(t) =x(t —2) +x(2 —t)
* Then we to compute the output, y_d(t) corresponding to a
delayed input d(t)=x(t-t_0):
d(t)
ya(t)

CE(i — t())
d(t —2) +d(2 —t)



Example 1 of these slides
yq(t) = d(t —2) +d(2 — t)

o difficult part, replacing d(t)=x(t-t_0): replace d with x”
and just add -t_0 within the parenthesis....

ya(t) =x(t —2 —tg) +x(2 —t — tp)



Example 1 of these slides

* Finally, note that:

ya(t) =x(t —2 —tg) + (2 —t — tp)
y(?f — t()) — Qf(f — lo — 2) 1 27(2 — f—|—t())

y(t —to) # ya(t)

e so that, it is time variant (not time-invariant)



Example 2

* Consider the system:



Example 2

y(t) = x(t) + z(t — 2)

 With memory (hon-memoryless): it depends on the past....



Example 2

y(t) = x(t) + z(t — 2)

» Causal: it depends on the past and present time instant



Example 2

y(t) = x(t) + z(t — 2)

» STABLE: if we have a bounded input x(t) the output is bounded.



Example 2

y(t) = x(t) + z(t — 2)

 For the linearity, we have first to write the output y_z(t)
corresponding to other input, z(t), defined as linear combination
of two Iinputs:

2(t) = ax1(t) + bxo ()



Example 2

 For the linearity, we have first to write the output y_z(1)
corresponding to other input, z(t), defined as linear combination
of two inputs:

2(t) = axq(t) + bxo(t)

yz(t) = z(t) + 2(t — 2)
Y, (t) = ax1(t) + bxo(t) + ax1(t — 2) + bxo(t — 2)
y=(t) = a(z1(t) + 21(t — 2)) + b(x2(t) + 22(t — 2))



Example 2

* We have to test if y z(t) iIs equal to y _c(t) (combinations of

outputs):
ye(t) = ayr(t) + by2(t)

e where



Example 2
* Replacing inside, we obtain:

Ye(t) = a(z1(t) + z1(t — 2)) + b(z2(l) + z2(t — 2))
e then, since:

y=(t) = a(@1(t) +21(t = 2)) + b(2(t) + z2(t — 2))

e Wwe have:

e so I1tis linear!!



Example 2

y(t) = x(t) + z(t — 2)

* For the time-invariance, we have first to compute:

y@—t()) — $<i—7§0> —I—QE(i—Q—f())



Example 2

y(t) = x(t) + z(t — 2)

* Then we to compute the output, y_d(t) corresponding to a
delayed input d(t)=x(t-t_0):



Example 2
ya(t) = d(t) + d(t — 2)

o difficult part, replacing d(t)=x(t-t_0): replace d with x”
and just add -t_0 within the parenthesis....

ya(t) = x(t —tg) +x(t — 2 — tp)



Example 2

* Finally, note that:

ya(t) = x(t —tg) + x(t — 2 — tp)
y(f—t()) :$(f—f0)—|—$(t—2—f0)

y(t —to) = yal(t)

e 5O that, It Is time-invariant !!!



Example 3

* Consider the system:

y(t) = cos(3t)x(t)



Example 3
y(t) = cos(3t)x(t)

» Solution:

* without memory (memoryless),
* causal

 stable

* linear

* time variant (hot time invariant)



Example 4
y(t) = ta(t)

» Solution:

* without memory (memoryless),
* causal

* unstable

* linear

* time variant (hot time invariant)



Questions?



