EE3610 Signals and Systems Fall 2012

Homework No. 3 Solution

1.
<Sol.>
Natural response:

r—%zo = r:1 = y(“)[n]zc(lj
-1 n
Y[—1]=3=c(%j = c=g = y(“)[n]:g(%j

Forced response:
-1\"
y(p)[n]:k(?j u[n]

k(‘?ljn_k%(‘?lj“:z(‘?ljn: I I
y“)[n]zc(%jn +(_71T ,n>0.

Translate initial condition

y[n]=2y[n-1]+2x[n]
_1 _1

y[0]= 2y[—1]+2x[0]_ 2~0+2:2

y[0]=2=c+1= c=1

<Sol.>
1. Homogeneous solution

rz—lr—l:O:rzl 1

4 8 2 4
1\n 1\n
yh[n] = Cl(E) +C, (_Z)

2. Particular solution

(@) x[n]=nu[n]
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y°[n]= (pin+ p,)uln]

1 1 16 104
pin+ P, = (BN =D)+ p) — o (p(N=2)+ p,) =n+n-1=p =", P, ===
1., 1., 16 104
nl=c(=)"+¢,(——)" +(=n—-—=)u[n
y[n] 1(2) A 4) (5 25)[]
Fromy[-1] =1, y[-2]=0
1 1 1
y[0]-—y[-1]-2y[-2]=0 = y[0] =~
4 8 4
= 1 1 19
1]-=y[o]-2y[-1]=1 = y[1]==
Y- y[0]-gy[-1] y[=15
y[0]=1=0 +C _% c —ﬂ :E
- 4 7 25 ' 7100 '3
J=8ole Lo 18 10471 1o 8T 23
16 2 472 5 25 275 47 400 2300
13,1, 23, 1, 16 104
“y[n]=—()"+—(=)" +(—=—n——=)u[n
y[n] 3(2) 300( 4) (5 25)[]

(b) x[n]= (%)“u[n]
[(n] = p)"ufn]
Vsnl= p(g
1n 1 1n—1 l 1n—2_1n ln—l _
p(g) 2 p(g) 3 p(g) —(8) +(8) =>p=-1
~y,[n]= —(%)"u[n]

1., 1.,
Z) —(g) ufn]

Fromy[-1] =1, y[-2]=0

yinl=c.C) +cy(-

= y0]-=. y[l]:f—:

5 9
y[O]:cl+cz—1=Z G He = ¢, =3

=
y[l]—lc —EC _l—é EC —EC _E C2 i
2t 47 8 16 2t 47 16 4
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3,1

yin] = 3(%)" 29 —(%)“u[n]

There exists another solution approach which can be calculated as follows:

<Another Solution>:
1.,

1n 1 1n—1 1 1n—2_1n ln—l _
p(g) 2 p(g) 3 p(g) —(8) +(8) =>p=-1
Y, I =~ uln -1

Yin =6, ) +eu(- ) - (%)"u[n 1

From y[-1]=1, y[-2]=0,y[0] = n

25 11
= V[1]|=—, y[2]=—
[l 16 y[2] T
1 1 1 25
= - 3
[Z]ZEC +ic _i:E 16c, +4c, =45 CZ:_Z
Y 47167 64 16

p.s. subproblems (a) and (c) can be also solved by this approach .

© x[n]=e"*"ufn]

y*[n] = pe’¢"u[n]

pej%n _% pej%(n—l) _% j%(nfz) _ ej%n N ej%(nfl)
~ 1+e 4
1_1e71%_1e712
4 8
_ % ]
yP[n] = ——— e e'"un]
1_16712 1 -i5
4 8
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-z
4

1., 1., l+e iZn
yIn]=c, ()" +¢,(-=)" - — —e * u[n]
2 4 1 -2 1 -i
1-—e 4—-=¢ 2
4 8
Fromy[-1] =1, y[-2]=0
5 23 2 1% 1-iZ
=V[0]=—, \[1]=—+e 4, wesetK=1--¢ 4—=¢e 2
A0l 4 Ml 16 4 8

y[0] :; =G +C, —[1+ej4]K‘l

y[1] _B :Ecl -=¢, —(1+ej4JKl

Cl :Z+ﬂejz + §+ﬂ.ejz +1e_jz K*l
3 3 3 3 3

3 3

3.
<Sol.>
1.  Homogeneous solution
r’+4=0=r=x+j2
y"(t) =cle!®" +c2e *
2. Particular solution
(a) (5%) x(t)=t

yP(t) = pt+p,
3
4pt+4p, =3=p, =0,p, :Z
3
P t)=—
yP(t) 2
Ly@) =y () +yP(t)=ce’ +ce* +%
-~ y(t) =b, sin(2t) + b, cos(2t) +%

_ d
From y(07) =L —y(®)],, =1
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We get = b, :%,b2 =—£

7 1 . 3
t)=— 2t)+— 2t)+—
y(t) 4cos( )+25|n( )+4
(b) (5%) x(t)=e"
yP(t)=pe™
pe'+4pet=-3e"'=>p= —g

3
LyP) =—=e™
y°(t) c

-t

y(t) = yh (t)+yp(t) = C1ejzt -i-(:2e71-2t _ge

- y(t) =D, sin(2t) + b, cos(2t) —get

-2

_ d
Fromy(0") = —1,ay(t) |, =1=b = 5

1
5’
vt =2 Lsinety-3e
syt)= c cos(2t) + c sin(2t) c e
() (10%) x(t) =sin(t)+cos(t)

yp(t) =P COS(t) +P, Sin(t)

y P(t) =—p, sin(t)+ p,cos(t) ,y P(t) =-p, cos(t) - p,sin(t)

Wegetp, =1,p,=-1
- yP(t) = cos(t) —sin(t)
- y(t) =blcos(2t) +b2sin(2t) +cos(t) —sin(t)

_ d
Fromy(07) = —1,ay(t) |, =1=>b=-2b,=1

- y(t) =-2cos(2t) +sin(2t) + cos(t) —sin(t)

<Sol.>
X[n]=u[n]= y[n]=s]n]
(a) Homogeneous solution:  r*-5r+6=0=r=2, 3.

5
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Hence, y" (n)=c,(2)" +c,(3)".
Particular solution: Set y'” [n]=Au[n].
~ yP[n]-5y" [n-1]+6yP [n—-2] =u[n]+u[n-1]

A-5A+6A=1+1=2= A=1 = ..y"[n]=u[n].
Complete solution:

y[n]=y"[n]+y"P[n]=c¢,(2)" +c,(3)" +u[n].

y[-1=y[2]=0= y[0]=1 y[1]=7.

c,+¢c,=0
2¢,+3c, =6

~y[n]=y" [n]+y"®™ [n]=-6(2)" +6(3)" +u[n].

(b) Natural response:

<Sol.>

(a)
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X[n]

Direct form |

(b)

v[n]
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- y[n]
3 ,/Z\

Xg)_' @

S

!
[ .|

Direct form |

Direct form |1

y()

~—

1
/

3

Direct form |1



