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Sampling
e Impulse train samplinge(¢) = z(t) [> oo 6(t — nTy)] < X (w) = T Dok oo X (W — kwy).
o If () is bandlimited tat-w,.yx, then one can recover(t) from its samples:(nT) (or equivalently frome(¢)) if w, exceeds
the Nyquist sampling rat&w,, .

o A lowpass filter with cutoff frequencymax < we < ws — Wmax Will recover X (w) from X, (w) and hence:(t) from z(¢).

e In time domain: -
T t—nT.
x.(t) = Z m(nTs)wc ssinc<wc( " S)>
T T

e More generally, for a periodic signa(t) with fundamental frequenayy:

[e e}

y(t) = 2(tpt) = z(t) Y ™ Y W) = Y aX(w - kw,),

k=—o0 k=—oc0

for which the sampling requirements in general depend,tn
e Non-sinc interpolation:

zs(t) - = y(t) < Y (@) = X, (@) Hy (@)

Modulation
« Modulation propertys(t) = m(t) cos(wet) <= S(w) = 2[M(w — we) + M(w +w,)]
e Needw, > wmax (Maximum frequency oM (w)) to prevent overlap.
e Synchronous demodulation:

st) = ® — | Hw) = 2rect<2wtlax> s m(t)

Bilateral Laplace transform
e X(s) = f_ozo z(t)e st dt = F{x(t)e '}, s = 0 + jw
e ROC is subset of wherez(t)e~ "*(*)t js absolutely integrable
e ROC is “strips” (including RHP or LHP or all of)
e ROC never contains poles
e ROC of bounded finite signal iS
e ROC of right-sided signal is a RHP
e ROC of left-sided signal is a LHP
e ROC of two-sided signal is a strip
e ROC of rational LT is strip bounded by poles
® X(w) = X(s)|,—;, ifROC includesjw axis
e pole-zero plots + gain + ROC describe rational LT
e For rationalH (s):
e pole locations describe modes of system
e system is stable if ROC dfl (s) includesjw axis
e system is causal if ROC is a RHP
e a causal system is stable iff all poles within LHP
e if M > N, thenthere ard/ — N poles ats = oo, SO system is unstable and non-causal.
e PFE for inverse LT when rational
e magnitude, phase response from pole-zero by geometry (draw vectors from polef#era.tp angle ccw from real axis)
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Properties of the Laplace Transform

Time Laplace ROC (of result)
Linearity ay f1(t) + a2 f2(t) a1 F1(s) + azFs(s) | containsROC; NROC,
Time shift f&—1) e TF(s) same
Time-scaling Flat), a £ 0 ﬁF(Z) ROC/a
Time reversal f(=t) F(—s) —ROC
Convolution f1(t) = f2(t) Fi(s) - Fa(s) containsROC; NROC,
Frequency shift f(t)edwot F(s — jwp) same
Frequency shift f(t)esot F(s— sp) ROC + real(so)
Time Differentiation CZ—T;f(t) s"F(w) containsROC
s-domain Differentiation|| (—t)" f(t) %F(w) same
Integration ffoo f(r)dr = f(t) * u(t) %F(s) containsROC N { real(s) > 0}
DC Value [°2, f(t)dt = F(0) must contairs = 0

Methods for finding responsey(¢) of LTI system due to input z(t)
e Convolutionz(t) m y(t) = x(t) * h(t)
e LTl/convolution propertiese.g.if x1(t) m y1 (), andzo(t) m y2(t), then

m(t) = a,lml(t — tl) + agmg(t — tQ) E} y(t) = alyl(t — tl) + agyg(t — tQ).

e Impulse properties (for finite set of impulses):

LTI

a(t) = Y ad(t — t) == y(t) = D axh(t — tr)
k=1 k=1

e Eigenfunctionse(t) = et == y(t) = H(sp)e*0!

LTI

o z(t) = " == y(t) = H(jw)
o z(t) =, cpelrt I y(t) = >k e H (jwp, ) e?<rt

efwt — |H(jw)|ej(wt+éH(jw))

LTI

o If h(t) is real, thene(t) = cos(wt + ¢) — y(t) = |H (jw)| cos(wt + ¢ + LH (jw))
o z(t) = 3, Agcos(wit + px) — m — y(t) = 3, Ax|H(jwr)| cos(wit + ¢x + ZH(jwr))

e Fourier serieg(t) = Y32 cpedkwot

LTI

LTI

e Fourier transform convolution propert¥ (w) — Y (w) =

verted.)

LTI

= y(t) = 352 o enH (jhwo)e? 0t

X(w)H (w). (Useful whenevelr (w) = X (w)H (w) easily in-

e Laplace transform convolution propetd/(s) — Y (s) = X (s)H(s). (Best for rationalX (s) and H (s).)

LTI system properties

Time

Fourier

Laplace (rational)

Invertible
Causal
Stable
Memory

h(t) = h;(t) = 6(t), for someh;(t) | Vw, H(w) #
?

h(t)=0fort <0
L55 Ih(t)] dt < oo
h(t) # 6(t)

?

H(w) not constant H (s) not constant

0 No zeros ofjw axis
ROC isa RHP
ROC includegiw axis
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Table of Laplace transform pairs (algebraic component)

f) F(s) f) F(s)
. wo
o(t) 1 sin(wot)u(t) m
1 s
’l,l,(t) g COS(CUQt)U,(t) m
n 1 —a s+a
t u(t) S_" e t COS(WOt)u(t) m
1 w
—at t —at o t t 70
e "uft) T a e sin(wot)u(t) Gral+ed
n _ —at n!
t"e” “u(t) ot
Table of Fourier transform pairs
f) F(w) f) F(w)
Lt T bl
o(t) 1 s 3¢
_s(Y bl 2b
1 27 (w) _6(27r) e e
1 t
u(t) mo(w) + i rect (f) T sinc (T%)
2
sgn(t) = tri(t) sinc? (%)
Jjwot _ “0 Gne(“0 v
e 276 (w — wp) 5 51nc(27rt) rect <w0>
.9 e
coswot | m(w — wp) + T (w + wo) sinc®(t) trl(—)
27
0 0 1
inwet | —0(w—wp) — =4 ~u(t
sin wg ; (w— wo) ; (w+ wo) e~ "u(t) ota
n—1
—bt? —w?/(ab) t —at 1
b - -
e v /be e 1)!6 u(t) Gotar

b is a real positive number throughoutis a real or complex number throughout, with positive real part.



