Problem 1 CT LTI Causal Feedforward and Feedback System

Problem 1-1

h(t) — h(t) = 5(t)
X(t) — E@— hy () F—y@®)  RO-uO
h () = h,(t) =e'u(t) .

(1) Please find the impulse response of the system (i.e. h(t) ). (2.5%)
(2) Please find the transfer function of the system (i.e. H(s)). (2.5%)

Problem 1-2
X(s) TQ—@ Y(s) ORI
) f(s) =4

p(s)

(1) Please find the impulse response of the system (i.e. h(t) ). (2.5%)
(2) Please find the transfer function of the system (i.e. H(s) ). (2.5%)




Problem 2 CT LTI System

Given the impulse response of an CT LTI system, h(t) =e'u(t) +e*u(t).

(1) Please find the transfer function (i.e. H(s) ). (2.5%)

(2) Please find the differential equation. (2.5%)

(3) Is it causal? Is it stable?( 2. 5%)

(4) Please plot the pole-zero plot and find the R.O.C. (2. 5%)



Problem 3 CT LTI System
s—1
(s+1)(s+2)

Given the transfer function of an CT LTI system, H(S) =

(1) Please find the impulse response (i.e. H[n] ). (2.5%)
(2) Please find the differential equation. (2.5%)

(3) Please plot the pole-zero plot. (2. 5%)

(4) If it is causal and stable, what is the R.O.C. (2. 5%)



Problem 4 DT LTI Causal Feedback System

1
X (2) —+>_+ > T Y(2)
1 .

Assuming it is a causal, please answer the following questions.
(1) Please find the impulse response (i.e. h[n]). (2.5%)

(2) Please find the transfer function (i.e. H(z)). (2.5%)

(3) Plot the pole-zero plot. (2.5%)

(4) Find the R.O.C. of H(z). (2.5%)




Problem 5 DT LTI System

Given the impulse response of an DT LTI system, h[n] = (0.1)n u[n]+ 2(—0.9)n u[n].

(1) Please find the transfer function (i.e. H(z) ). (2.5%)

(2) Please find the difference equation. (2.5%)

(3) Is it causal? Is it stable?( 2. 5%)

(4) Please plot the pole-zero plot and find the R.O.C. (2. 5%)



Problem 6 DT LTI Causal System

Problem 6-1
Given the difference equation of an DT LTI Causal system, 8y[n]—2Yy[n—1]— y[n—2] =8X[n].

(1) Please find the transfer function (i.e. H(z)). (2.5%)
(2When the input is x[n] = J[n] +%5[n —1], what is the output y[n]?(2.5%)

Problem 6-2
Given the difference equation of an DT LTI Causal system, y[n]=3x[n]+6x[n—1]+9x[n-2].

(1) Please find the transfer function (i.e. H(z)). (2.5%)
(2) When the input is x[n] =u[n] —u[n—1], what is the output y[n]?(2.5%)



Problem 7 DT LTI FIR System
Given the difference equation of an DT LTI system, Y[n]= X[n]+ X[n—1]+ X[n—2]+ x[n—3].

(1) Please find the impulse response (i.e. h[n]). (2.5%)

(2) Please find the transfer function (i.e. H(z)). (2.5%)

(3) Plot the pole-zero plot and find the R.O.C. of H(z). (2.5%)
(4) Draw the implementation of this DT LTI System. (2.5%)



Problem 8 DT LTI System

Given the difference equation of an DT LTI Causal system,

y[n]—g y[n —1]+% y[n—2]= 2x[n]—gx[n —1].

(1) Please find the impulse response (i.e. h[n]). (2.5%)

(2) Please find the transfer function (i.e. H(z)). (2.5%)

(3) Plot the pole-zero plot and find the R.O.C. of H(z). (2.5%)

(4) Draw the direct form Il implementation of this DT LTI System. (2.5%)



Problem 9 DT LTI Causal System

X[n] Q 1 1 2 >Q
1
N ¥ : -
O—
N
__4 l > O

(1) Please find the difference equation. (2.5%)

(2) Please find the transfer function (i.e. H(z) ). (2.5%)
(3) Is the system stable? (2. 5%)

(4) Please find the impulse response(i.e. h[n])). (2. 5%)

»y[n]



Problem 10 DT LTI Causal System

X[n] @ 1 1 1 »@ » y[n]
71
i

< >
k 1

(1) Please find the difference equation. (2.5%)

(2) Please find the transfer function (i.e. H(z) ). (2.5%)

(3) If the system is stable, what is the range of k? (2. 5%)

(4) When k is 0.5, please find the impulse response(i.e. h[n])). (2. 5%)
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Table 01 CTFT

Basic Function

x0)= [ " X()e " dp

X(f)= .‘.H x(t)e > dt

/\\ rect(t) sinc(f)
) rei(f)
¥ 50 _
O o
ol %W\_Z%Q :
,\ mﬁJ v
| 5(f~1)
5(f+1,)

17



Table 02

DTFT

Basic Function

xnl= % X(f)e"df X(f)= 3 abnle e

o x[n]= ﬁ w, MN_,M\K , X(f)= &imww M\Wwa\ )
PR es a:ﬁws RSHA mw_m\mmmws

v O[n] 1

v 1 5(/)

v ulnl TM —. +w2 1
V4 a"u[n] ﬂ%ﬁl@q
c 5(f-1,)
V.ooemm 5(f+1,) :
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Table 03 CTFS

Basic Function

k2nmt
+j—

x(t) |.~_u +M8U Xlkle T

G oV a

vV xSustU%leﬂv X[k]=1
T .m2wt
V' x(f)=e T kt&uﬂ&»si.
x(t) = mi.swﬂ X[k]=To[k + m]
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Table 04 DTFS

Basic Function

N-1 k2nn

> X[kle ™

1
x[n]= M<|

k27xn

X[k]= Y afrle” ¥

x[n] = +M8U o[n—IN]

X[k]=1

+\.§N§:
x[n]=e V- X[k]= N[k - m]
x[n] = m-\sw\s X[k]=NJ[k +m]
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Table 05

CTFT

Basic Property

x()= [ X(f)e 7" df

X(f)=[" x@e " dr

V ax(t) + by(1) aX (f)+bY(f)

A e (f)

(| o, [y

o x(1)* (1) X(F)xY(f)

o, X(10)x y(1) X()*Y(f)
d :

v (@) (Poml

A T XA 5= +760)

ol - j2mx(1) w\uk ()

R - x(at) Pﬁh
N la| "a

" =t |\

L FO=xt) > X' (=X

[ofar= X e

_—

-

*

21



Table 06 DTFT  Basic Property
x{n] = _ X(f)e " df X(f)= 3 slnle

X @dnl+byin] aX(f)+bY(f)

V. Adn-nl i (0)

/\ e/ ¥ n] X(f-1)

' Anl] X(f)x¥(f)

VAR OIS 1 X(N)*Y(/f)

V' xn]-xn-1] (1-) X(f)
e \MSAT%SLﬁW%Su
v’ —j2amin] 7

VAR - Xof)

V' Xll=Adnl < X'(N=XCES)

> lstnlf = [ 2x(rfar

nN=—0
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Table 07 CTFS Basic Property

= AL . am
%vumMﬁsm ] X[k]=[ x()e” T dt
k=—00 0
V ax(t) +by(?) aX[k]+bY[k]
/\ x(¢—1,) miSMa,NHE
V9 e X[k -1,
,\ x(1)* y(t) . X[k]x Y[k]
v x(1)x () , —X[KI* V1K)
, d kom
V el j = XTk]
/\ x(at) 1 X[k]
a
x ()=x(t) «—— X [k]=X[-k]
J, s dr = 3" |1k
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Table cm

DTFS

Basic Property

xn]= Mk:% & X[k] = M x[nle N
ax[n]+ by[n] aX[k]+bY[k]
r-n] (S
e x n) X[k - Nf,]
x[n]* y[n] X[k]xY[k]
x{n]x yln] @ [k]*Y[k]
x[n]-x[n—1] ﬁ , ,\slawﬁs
xﬁﬁ X[k]

x'[n]=x[n] «—— X'[k]=X[-k]

M_HE_N M_kE_
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Table _‘_‘_ LT Basic Function

h(t) = om MM H(s)e™ds H(s)= ﬁ.w h(t)e"dt  ROC:R,
h(t) =e “u(t) H(s)= 1__, ROC : Re{s} > —Re{a}

S+a
h(t) = —e “u(-t) H(s)= “. ROC : Re{s} < —Re{a}

s+a
h(t) =te "u(t) H(s)= Q+SM ROC : Re{s} > —Re{a}
h(t) = —te”“u(-t) H(s)= Nu“la% ROC : Re{s} < —Re{a}
h(t)=96(t) H(s)=1 ROC :all s— plane
h(t) = W%Qv H(s)=s ROC : all s - plane
h(t) = u(t) H(s)= W ROC : Re{s} >0

S
h(t) = cos(w,t)u(t) H(s)= Tt ROC : Re{s} >0
h(f) = sin(w,t)u(?) H(s)= mwlew ROC': Refs} > 0
5+a
h(t) = e cos(m,t)u(t) H(s)= Gra)f 1ol ROC : Re{s} > —a
W)= si HO-—%— roc
() =¢e“sin(w, t)u(t) (s+ay + Sw ROC : Re{s} > —a 27




&
Table 15 LT Basic Property

H o+ jo +00

h(t) = T2 oot H(s)e™"ds H(s) = F h(t)e™dt  ROC:R,

ah,(t) + bhy (7) aH,(s)+bH,(s) ROC:R, "R,

h(t)* hy(2) H,(s)H,(s) ROC:R, NR,

h(t - a) | e “H(s) ROC:R,

e“h(t) H(s-a) ROC : R, + Re{a}

4 he) sH(s) ROC:R _

dt T

[ hyr WE@ ROC:R, »&&Hc
d

—th(t) — H(s) ROC:R,
ds
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Table 12 ZT mmm_n Function

ss”n&?@rz& H@)= 3 Hnk™"  ROC:R,
1
h[n] = a"u[n] H(z)=—— ROC :(z| > |a
l-az
hn]=-a"u[-n—1] H(z)= %L ROC:|z|<|a
l-az
1
= " m R — B
h[n] = (n+1)a"u[n] (2) (o) ROC :|z| >|a
1
=— "l—n — H B e .
h[nl=—(n+a"u[-n-1] (2) -y ROC :|z| <|a
hln] = d[n] H(z)=1 ROC :all z- plane
hln]=6[n—n,] H{z)y=2" ROC :all z- plane
h[n] =u[n] H(z)= _ _ — ROC:|z|>1
—z
ﬂl =1
h[n] = cos(w,n)u[n] H(z)= cos(@, v.w - ROC :|z|>1
_lwo@%&:vm- +z
h[n] = sin(w, n)u[n] Hp=—"2)z 5o || >1
1-2cos(w, )z +z
h[n] = a" cos(a,n)uln] H(z)=— "¢ SmAeW_vN — ROC:[z|>a
1-2acos(w. )z +a’z
n asin(w, )z
A[n] = a" sin(w,n)u[n] H(z)= | Zacos(@ Ve 175" ROC:|z|>a -




Table 16 ZT

Basic Property

Hn] = —— % H(z)z"'dz

HG)= Y Hnk™  ROC:R,

'\.N\N. c h=-—00
ah[n]+ bh,[n] aH,(z)+bH,(z) ROC: R, "R,
h[n]* h[n] H,(2)H,(2) ROC:R, NR,
hn—n ] z ™ H(z) ROC R,
a"h[n] va ROC:|a|R,
hln]—h[n-1] (1-z)H(z)  ROC:R,
M h[m] _IHN,_ H(z) ROC:R, D_N_M_
d
nh[n] —z—H(z) ROC :R
dz %

(2
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