ECE3084 L02: Systems and their Properties
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Syéwm P/DP 8(‘+l(é’§

0{_[n8ar|\+\/i Linear combonad jons o inputs Pproduce +he some
linear combinations or outputs.

PR
X () —= vi(¢)
Xo(4) —=> v, (¢)
Then:
Au Xi(é)"l'A'zXL(ﬁ) — /4'\/! (é) + 742\/7, (’é>
For all sealars A, & A+, and For all signals K (€) & Xo(4).

® Jime |nyariance | more 9gm9ml(y) “shif+ Im/am‘an(e“)‘. Shif+ i‘r\j
the input Produces ke same shiFi of vhe owtpud (W iHhout
Cau";"mg any ovther CM’\j%).

T+

X(£) —> v ()

77\?/\'.

X (t-t,) — y(t-t.)
For all possible scalars t, and all possible sigrals x(¢).

AN

° CauSa!{.‘F\/: //(auge ond G-F—EQC‘}'_\ An ot Put Cahhot be

dependent on a Future input

¥t ke ot V0E) s not a Function oF X(T) for any T T4
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Exmmp/@s:

Y ()= 3 x(+) LTI, (ausal
Y(f)i Sx (¢ —’5) LTL, (ausal
Y(e)= Dx(t+73) LTI, non- causal
(+) = dx (£) = Aim X))~ x(-é—é) LTL
Y At €=p é (ousal 15 lebr deriyative
Vi) = X (Lg ﬁ) Lfmomf) non-TIL , non- Causa |

Le"' X, (t) amJ Xz(-é) be +wo ;\nPlA—f 576}10\’3 SucL\ fheot

X () —> Vi (#) =X (5¢)
le) —= Volt) =y, (5+¢)

Let Xs(£) = A xi (€) 4+ A %a(t) be a new mput. “The oudPut 13 Yhen:
Valt) = x5 (Ft) = Ax, (5¢) + Aaxo(5 %)

= A () + A ya (¢) L. s linear

Le+ Xy (f):)(|(t'tu> be H.e [(nput, \H\G OU\‘"'PU'/ s Haen !
\/w(_t):xq-(’l?;t): X, (_%t_to
= X!(/I?)(t—3t°)
= Yo (€-3¢)

/\L, The output 90_" Shiiﬁ‘fd 3 'HIV\'QS
a5 Mucth as +he input,
‘“ hoh-TT

When ¢ <0, +hen 5t >t Therehore ylo)=x(54)
depends on Foture values of e input in Hhis region.
", non- causal

yle) =3x(e)+5 Nonlinear, TI, causal
¥s (£) = 3( A ) +Axa () +5 = BA,X.(%)+3,41><1(4)@_\¢ iy
Avile) + Ay, (£) = SAXG)+5 +—BAzxz@)H5:3AmJﬁ+3AﬂJO{E9
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Y = 3P (6-2) + X (~t> 1) + 10
T ~~—
T T-

The arﬁume;\#-s paggecﬂ | Nto X(ﬂ) are what matter, Mou

heed 4o Show o -H\é\/‘r‘é’ £t

Se, -7 Lt s pretty obvious

Whot about — 2] 21 7 = t
(ould Show 6y ‘P/O’HH\#\Q / /
| T= -+ - |

E(/L‘J\/*f'[\fnj needs Yo be below
4he T =t [ne for 1+ 7 he

causal, \
S nonlinear, pon-TL, cawal
y(t) = X (-¢%) Linear, non-TL non - causal
L when £€ (-1, 0)

vie) = 3xlt) + ¢ Nonlingar, non-TL , causal
vit)= x> (€) Nonlinear, TL, causal
\/C’c) = £ x(¢) Lingar, non-T1, cousal
\/(t) - (t 4"(3)2 XZ—&) L,‘/\?m// N0A ——TI) (&((/LSC{\
\/({—) Ve (— Jc) LI‘Meaf/ non-11, non - causa‘
>/Ui> = X(l‘Z) Linear, non-TT , vion- (qugo\l

£
\/(0:/ X (t)dt LTI, causal

— 0o

Gor all values of ¢,
Ty T=t
T=t-2

=
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Try Yo Prove (f Us'ng Hhe
SﬁMC’, m{<?§ ofF ~H\Umvé-‘ (plf—rn‘;/\l\‘l‘l\c"’\ﬁ “+p e eﬂurf >

Ll‘h@ar/\*/‘/ Lreaks if: ”rneés\\ with e X5 \/(e):x"(tﬁ
TL broaks (& ¢ have t's outside of x(t)
mess Wwith L's Inside (&) \/('é)ZX(%{:>

— Adding /sabﬁuc#"ng constants s QK Thouvgh

Cawality breaks i add positive Constant +o & «
otherwise ”/aok Into e Futunre

The rest ot shis course deals with LTI $ystems

Linearity & TI are approximations,
Few Physical Systems are +uly linear

[ransiStors ot ten operaie In o range (n Wh/\CL\ %8y
Can be approximated as [inear
= Components frv [ explode F yJou Pamp oo Mich
€/e(+r1‘c/\t\/ Hirough Hem — which G M%Jy
non-linear Hehavior
tew Physical systems are Fime = invarandt
~ Things heat up and dheir behavior Charges,
Sometimes we have fo compensode for Hoot.

—

But,  many \mPertant sy$tems are well- approximated
by the LTI assumptions!
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