Signals and Systems
HW#2 RS
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(k) ln] = (uln + 10] — 2ufn + 5] + ufn — 6]) = cos(Zn)
There are four different cases:

(i) n=4v
vl
(i) n=4v+2
vln)
(i) n=4v+3
vl
(i) n=dv+1
vln)
vl

v is any integer
(D~140+140-1+(~-D0+14+0-140+14+0-1+0+1+0]

MA+0-140+1]+(-D0-1+0+14+0-14+04+14+0-140]=2

DO —1+0+140+(~)[~14+0+140-1404+1+0-1+0+1]=0

-2 n=4v

2 n=4v+2
0 otherwise

(m) y[n] = Bruln] « 372, 8[n — 4p], Bl <1

forn <0
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2.34. Consider the discrete-time signals depicted in Fig. P2.34. Evaluate the convolution sums indi-
cated below.

(a) mfn]
forn45<0 <5
mn] =0
forn45<4  5<n<-1
nis
doi=n+6
=)
frn-1<1  -1<n<2
nis
21+221—2n+5
forni5<0  2<n<i
a nis
> 1+221—9+n
[t
forn—1<4  4<n<5
a s
> 1+2217157n
[l
forn-1<9  5<n<10
s
2y 1=20-2
W
forn—129
n<—5
—5<n<-1
—1<n<2
= 2<n<4
1<n<s
5<n<10

0 n>10




image7.png
mh(n) : ampitude

(h) m[n] = y[n] * f[n]

P2.83(h) m[n] = y[n]*fln]
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2.37.

(a) a[n] = 6[n] — 28[n — 1] + 8[n — 2], hln] — uln] — uln — 3]

yln

z(z) = 1-2:+22
h(z) = 142422
v(z) = a(2)h(z)

= 1-2z-2347

yln] = 6[n]—dn—1]—dn—3]—dn—4]

[n] = hln] = hfn) — 2h[n — 1] + Aln — 2]
6in] = ol — 1] — 3ln — 3] — fn — 4]
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2.39.

(€) ylt) = cos(mt)(u(t +1) — ult — 1)) = u(t)

L b

1
t T
-1 1
Figure P2.39. (¢) Graph of 2[r] and At — 7]
fort < -1
W) =0
fort<1
) = /: costatyir
o) = Lsin(rt)
fort>1
!
y(t):[‘nm1nlylr
¥t =0
_ Lein(mt) —1<t<t
v = { 0 otherwise
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(@) 9() =t +3) ~u(t — 1) s u(-t+4)
X[r]

hit-T]
1
\ |
=3 1 T 4
fort—4< -3 t<1
1
y/(t):/ dr =1
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fort—4<1 t<5s
1
y(t):/ dr—5—t
-1
fort—4>1 t>5
y(t) =0
4 t<1
y#) = { 5-t 1<t<5

0 t>5
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() () = cos(mt)(ut +1) —u(t — 1))+ (u(t +1) —u(t — 1))

fort41<o1
fortr1<1
ore-1<1
! 1.
conlrt)ir = st ~1))
fore-121
[
in(r(t+1))  -2<t<0
" - (t+1)  25t<

in(r(t 1)) 0<t<2
122
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) ul6) = (8(¢-+2) +6(t —2)) « (bu(t) + (10 — A)u(t — 5) — (10 — t)ut — 10))

fortc 2
wy=0
frt<2  aci<a
a= [ i =2
oios<s a<ich
(1) jH“(( — 7)o + 2 + /Hn(" )67 — 2yir = 2
frt-5<1 3ot<r
ut)= /,im[m — 77]]5(Y+2)dr+/'im(t77)6(r72)d7 -8
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¥H=0
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t+2 2ct<2
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V-2 T<t<s
2ot 8st<12
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(0) y(t) = u(t) + h(t) where h(t) = { .

fort <0

fort >0
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(&) m(t) =y(#) = g(t)

fort< 1
m(t) =0
fre<l  —1<t<1
)= [ rir=0se )
&
fort-2<1  1<t<3
2 4
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fort=5
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(0) m(t) = [(t) + d(t)

d(t)
m/(t)
mit)

fort <0

fort <1

fort <2

fort>2

m'(t)

mit)
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2.43.

() Express the system output y(¢) as a fanction of the input x(t).

wO = =i
= 20 (%6(:) N %J(t - A))
- G —xt-a)

14 iy the sl et peforl by i sy i s i s 0

When & —0

e e

5 nothing but (). th frst. daevatve of (1) with Fospoct to thme £,

(©) Let 5(0) = Tima.bie). Use the ssals of (b) to exprss the output of an LY ystem with i
pulse response k" () = 9(t) 9(t) as o function of the input r(t).
o) = Im )
i) URTICE ()
e

P = ot k(e
= (a(t) = git)) * g{t) % glt) ... » git),
=
T 00) = (e <glt) = =(0) « Jim he)
i, (2(0) ()

]
= gpelt) from ()

theny"(t) = (2002 0(0)) ¢ g(0) ¢ 00
<

+9)

Similarly
Mgty = %xm
Doing this repeateel, we find that

P = A0l

st
Thentre
O = )
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247, Lot hy(t) hy(t) ho[#), aned h(#) be impnlse responses of L1 systers. Construct a system with
imprlse response h(t) wising (1), (1), s (t), and ha(?) as subeystems. Draw the interconncetion of
systems required to obtain

(@) B(t) = {n(0) + ha(8)] » b (€) * hat)

h(®
- HZ hy®) h(t)
L | h®

Figure P2.47. (a) Intorconncetions between systoms

() h{t) = ha(t) = ha(t) + h(t) « ha(t)

—h@® hy(t)

[Y0) [Y0)

Figure P2.47. (1) Interconnections betwiecn systems

() B(1) = ) » {ha(8) + hs(t) = hy(8))

h(t)

7

ho (

) h(0)

Figure P2.47. (¢) Intcreonnoctions botwoen systems.
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248, o the imeromnecto of LT sy depicted in Fi. P46 1) the mprlo rsponcs e
) )t = & ol ) = 80 - 1) bl s +3). Bt K1), the
mpole espons ofthe aerll ystem o ()t 0.

WO = [ 1)+ ] Bl 1) e e 2) 4 )
= [t )5 oty
= e e~ 1)« 4+ Ty

= e (N ) 1) 4 e age)
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2.49. For cach impulse response listed below, determine whether the corresponding system is (i) mem-

oryless, (ii) cansal, and (iii) stable.

(i) Memoryless if and cnly if h(t) = ed(t) or hfn] = cd[k]
(ii) Censal if and only if A(t) = 0 for ¢ < 0 or Aln] = 0 for n. < 0
(iif) Stable if and only if [*_|h(t)]dt < oo or S5 [hK]| < no

() h(t) = cos(at)
(i) has memory
(ii) not causal
(iif) not stable
(b) h(t) = =2t — 1)
(i) has memory
(ii) causal
(iif) stable
(¢) h(t) = u(t +1)
(i) has memory
(ii) not causal
(iif) not stable
(d) h(t) = 38(1)
(i) memoryless
(ii) cansal
(iii) stable

(e) h(t) = cos(at)u(t)
(i) has memory
(if) causal
(i) not stable
() hln] = (~1ul-n]
(i) has memory
(i) not cansal
(iti) not stable
(¢) hin] = (1/2)"
(i) has memory
(ii) not causal
(iti) stable
() hfn] = cos(Zn) {uln] — ufn — 10]}
(i) has memory
(ii) causal
(iif) stable
(i) h{n) = 2ufn] — 2uln — 5]
(i) has memory

(i) causal
(i) stable
(i) h[n] = sin(Fn)
(i) has memory
(i) ot causal
(iii) not stablo
(k) R[] = 5232 6n — 2p]
(i) has memory
(i) ot causal
(i) not stable
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2.57. Determine the output of the systems described by the following differential equations with input
andinitial conditions as specified:
(a) #u(t) +10y(t) = 22(¢), y(07) = 1,2(t) = u(t)

t>0 natural: characteristic equation
r410 = 0
ro= 10
¥ = e
particular
1
¥ = ku(t) = gult)
yt) = %+ce"“‘
. 1
W0 )=1 = z+c
4
0=
5

W) = 3l+4u
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(©)rult) +63u(t) + 8y() = 22(0), (0) = —1, Fu(t)],_o- = L,2(t) = eult)

t20
4+ 6r+8

T

¥

¥®(0)

y(t)
07) =1

Ly =1

lt=0-

a
2

y(t)

natural: characteristic equation
0

4, -2
e e
particular
ke~tu(t)
%e"u(t)

%e"u(t) Foe et

2
Fra+ea
2
—3-2—da
5
2
o
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2ty Bern s B
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2.58. Identify the natural and forced response for the systems in Problem 2.57.
See problem 2.57 for the derivations of the natural and forced response.
(a)
(i) Natural Response

r+10 = 0
r = -10
Y = e

y0)=1 = a
YW = e

(ii) Forced Response
D) = Lygeoe
y () g*""
1
YO =0 = =4k
11
Ny = L_ Lo
y(e) 53¢




image23.png
()

(i) Natural Response
YM(t) = cet +oe
y07)=-1 = a+c
d
@ =1 = —do—2c
dt t=0— !
y™() = %f“_;f"
(ii) Forced Response
2
W) = §e"u(t)+c,e”‘u(t)+c;e"‘u(t)
W0 =0 = icte,
d 2
—=y(t. =0 = —Z—-2—4c2
X ()H)» 3-2a
y() = %e"’u(t)—e’”u(t)+%=’“u(t)
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2.59.

(8) vln] — duin — 1] = 2z, 3l—1] = 3,2l = (FH)uln]

nz0
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r—s

2
¥"n)
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CETN
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vlnl
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ol — 1)+ 2]
1321

(-%)- ufn]+e (%)' ufn]
14e
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(© vl + Juin — 1] — ol — 2 = 2fnl + 2ln — 1], ¥{-1] =4,91-2) = ~2,2ln] = (~1)"ur]
20  mmbmal cemctwiskic custion
r’+%r—% =0
11
Y
Sl = a(3) +a(-3)
particular
WPl = K-1)"uln]
forn>1
K1) R )T SRR = () () =0
k=0
Wl = 0
sinl = q(%) +n;.(-}
oinl = 71,[,. 11+ 2yl q+x|-1+x|n—11
0] = —4+ (2)+1+u,7
ot) = ( ) gl l+l_—
4 - ata
9 l l
LI £
e
SEHOETE)
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(a)

(i) Natural Response
v = (%)
y-1]=3 = c(%)"
¥l = g(%)
(i) Forced Response

)
Translate initial conditions
vl = Juln— 1]+ 2l
Wl = 50 +2=2
=2 = k+1
k=1

v = ()
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(c)
(i) Natural Response

y[-1]=4

(ii) Forced Response
y[n]

yln]

ylo]

yl1]
ylo]=1
il =5

YD)

¥™n]

(5
y-2=-2 = ¢ (7%)_2+fa(%)_2
(5
g
2

Il
o2

Il
2

o = —

o = () -3

i, . -
Syl 4 (75) el +e, (Z) uln]
Translate initial conditions

1 1
—qvln =11+ guln =2 +zfn] + z[n — 1]

—%0+10+1+0:1

8

11 1
VIR T PP P
R R
16

Ftate
11

-3 3ate

= B 2 (1) i (1)




image28.png
2.60.
(a)

din+1] = —2ln] +zln]
in = 3eh] +qln]

A=l-2, boli] =l D=[

(b)
@+l = 7¢[[n]+§1[n\
wni] = Jl+ el -
vl = ol

abl] =

1] = alal+ Jolal + 20ln)

il = ol - o]+ 3oh)
il = ]

0 1], bom
alu 1] = —Jabl+ gubl + el
wntl] = b+l + 200

vl = asfn] - zln]

0 t], D=l
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2], g;fn] = 3g2[n]. Find the new state-variable deseription A”, b/, ¢’, '

natrix T i

r_[20
“los
oo tf3 0
T =5l
10
ST
oo [2o][t —£][s 0
swe = [3][3 ] [E 8]
_ |t
10
20][1
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E]
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(b) Define sew states ¢} ] = Sgzlnl, g;1n] = 2q,[n]. Find the new state-varisble description A, b,<’, 1V,
PR

=]y o™
Thus the trazsformation matrix T is

(€) Define neve states g} o]
AL, D
The transformation matrix T is

@l + gl g3m] =
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2.33.

(b) yln] = 37u[—n +3] + ufn — 2]

x[k] hn—k]

Ml 11T

‘123 k n-2

Figure P2.33. (b) Graph of «[k] and hln — k]

forn—2>4
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(e) y[n] = (=1)" #2"u[—n +2]

y[n]

> (ape

k=n-2

k
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(h) yln] = B"uln] « amuln — 10], |8 <1, |a| <1

forn —10 <0 n <10

y[n] =0
forn—-10>0 n>10
n—10 B\
yln] = (—) a”

vl = {“(ﬁ) .
a(n-9) asp
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() vln] = (uln + 10] = 2ufn] + u[n — 4)) « Auln], (8] <1

forn< 10
yn] =0
forn <0
n 1 k
or 5 (1)
-l
B—1
forn < 3
-1 1 k n 1 k
-0 3 (5) -3 (5)
k=-10 k=0
d’ﬁ»ll o }f‘+l Uu+1 -1
yln] ="

B-1 B—-1




