y(1)= X(sin(t)) = Causal?, Linear?
y(1)= X(sin(t)) For any time # <0, y(¢) depends on
a value of x in the future, because for r <0,

sin(¢) >t. Non-causal.

Then y,(¢)= Kg(sin(t)) + Kh(sin(t)) = K[y1 (1)+y, (t):|
Additive — Linear



n+n
y[n]z 2) X[m] , n, afinite positive integer

m=n—ny,

Linear?, Time-Invariant?, Stable?

If the upper bound on x|n] is B, what is the upper bound on C?

Let x,[n] = g[n]. Then y,[n]= 2 o[m]

n+n0

Let x,|[n|=Kg[n|. Then y,[n|=K 2 =Ky, |[n]

m=n-n

Homogeneous

n+n

Let x,[n]|=h[n]. Then y,|n]= m;ﬂ h|m]

n+ny

Let X3[n]=g[n]+h[n]. Then y3[n]: 2 (g[m]+h[m])=y1[n]+y2[n]

m=n—ny

Additive — Linear



n+n

y[n]= Y, x[m] . n, afinite positive integer

Let Xl[n]zg[n]. Then yl[n]z 2 g[m]
Letxz[n]zg[n—no]. Then y,|n]= 2 g[m—no]

n

Letg=m—n,=>m=gq+n,. Then yz[n]z 2 g[q].

q=n—2ny,

¥ [”l — no] = 2 g[m =Yy, [n] — Time-Invariant

m=n—2n,

If the upper bound on x n] 1s B, what 1s the upper bound on y [n] ?

n+ng

If x|n]< B, then y|n z B= 2n0+1

k=n-n,

Upper bound on y is (2n0 + l)B — BIBO Stable



y(¢)=1t*x(¢—1) , Linear?, Time-Invariant?

Letx,(¢)=g(¢). Theny,(¢)=¢"g(t-1).

Time Variant




y[n] =X’ [n— 2: , Linear?, Time-Invariant?

Let x, [n] = g[n . Then y, [n =g’ [n — 2].

Letx,[n]= K g[n]. Theny,[n]=(Kg[n-2]) =Ky, [n]
Inhomogenous — Non-Linear
Let Xz[n]zg[n—no]. Then y,|n] =g2[n—n0 —2]: yl[n—no]

Time-Invariant



y[n]=x]
Let x [n]
Let x [n]

Y2[ ]

K
Let x [ ]
]
[

n+1] x[n 1] , Linear?, Time-Invariant?
g|n]. Theny,[n|=g|[n+1|-g[n-1].
Kg[n|. Theny,[n]=Kg[n+1]-Kg[n-1].
.| n] — Homogeneous
h|n]. Theny,|n]=h[n+1]-h[n—-1].
g[n]+h[n].

[n+1]+h[n+1]-(g[n—1]+h[n—1]).
7

] — Additive — Linear

<

Let x [ =
Theny,|[n]|=g¢g
yalnl=y[n]+y
Letx,[n]=g|n—n,].
Thenyz[n]:g[n—no+1]—g[n—n0—1],
y,[n]=y, [n — no] — Time-Invariant



y(t)=x(t-2)+x(2—1), Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?
Let x,(¢)=g(¢). Then y, (¢ )—g( —-2)+g(2-1).

Let x,(¢)=Kg(t). Then y, ( K[g t—2 +g(2—t):|=Ky1(t)

Homogeneous

Let x,(1)=h(z). Then y, (r)=h(r —2)+h(2— )

Let x,(¢)=g(z)+h(z). Then y,( [g t—2)+h(r-2 :| [g —1 +h(2—t):|
y,(1)=y,(¢)+y,(t).— Additive — Linear

Let x,(t)=g(t—1,). Theny,(t)=g(t—2-1,)+g(2—1-1,).

y,(t)#y, (t—1,)— Time Variant

y(#) depends on x at other times — Dynamic

For t <1, y(¢) depends on x(¢) at future times.— Non-Causal

Since y 1s a simple linear combination of shifted versions of x,
if x 1s bounded, so 1s y.— BIBO Stable



( ) x( ) ( ) Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?

Let x,(¢)=g(¢). Theny,(¢)=g(t)cos(3t).

Letx,(t)=Kg(t). Then y, ()= K g(t)cos(3t)= Ky, (t)
Homogeneous

Let x,(¢)=h(z). Then y,(z)=h(z)cos(3t).

Let x,(t)=g(¢)+h(z). Then y,(¢)=[g(¢t)+h(r)]|cos(3t)=y,(¢)+y,(¢)
Additive — Linear

Let x, ()= g(t - to). Then y, (¢)= g(t - to)cos(3t).

y (t=ty)=g(t—t,)cos(3(t—1,)) =y, (¢)

Time Variant

y(¢) depends on x only at time ¢ — Static

Static — Causal

If x(¢) is bounded, then x(¢)cos(3¢) is also.— Stable



2t
y(t): JX(T)dT, Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?

—0Q

2t

Let x,(¢)=g(¢). Theny, ()= _[ g(7)dr.

Let x,(¢)=Kg(t). Theny, (¢ KJ =Ky, (1).

Homogeneous
2t
Let x,(¢)=h(z). Theny,(t)= J h(7)dt

—0Q

Let x,(¢)=g(¢)+h(z). Theny, (¢ J[g )+h(7) |dT=y,(r)+y,(7)

Additive — Linear
2t
Let xz(t):g(t—to). Theny,(t)= jg(f—to)df. LetA=7—1,.
2t-1y : 2(1~19)

Theny, (¢)= Jg(l)dl. y,(t—1,)= J g(7)dt — Time Variant

—oo —o0




2t
y(t)= JX(T)dT, Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?

—00

y(#) depends on values of x(¢) at other times — Dynamic
For any ¢ >0, y(t) depends on all values of x(z) up to
time 2¢.— Non-Causal

If x(¢) is a constant, there is no upper bound on y(¢).
Unstable

Also, by Leibniz's rule for differentiating an integral

y’(t) = X(Zt) = Eigenvalue is 0. Real part 1s not negative.
Unstable



0, t <0
y(t)= Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?
X(t)+x(t—2) , 120

Let x, ()= g(r). Then yl(t)z{(g)’(t)_i_g(t_z) j;g
Let x, (1)= Kg(r). Then yz(t):{([){’g(t)+Kg(t_2) ’z;g:Kyl(t)

Homogeneous
0, t<0

h(r)+h(r-2) ,120

0, t<0
g(t)+h(t)+g(t=2)+h(t-2) 120
y,(t)=y,(t)+y, (1)~ Additive — Linear

0, t<0
g(t—1,)+g(t-1,-2) ,t=0

0, t—t,<0
{g(t—t0)+g(t—t0—2) t—1,20

Let x,(¢)=h(¢). Then yz(t):{

Let x,(t)=g(¢)+h(¢). Then y3(t):{

Let x,(t)=g(t—1,). Theny, (t)z{

Y1(t_to): :Y2(t)¢3'1(t_to)

Time Variant



Y(f)={0’ =

X(t)+x(t—2) , 120
Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?
y(¢) depends on x(z —2) — Dynamic
y(t) depends only on x at the same or earlier times — Causal
If x(¢) is bounded, x (7 —2) is bounded and y () is bounded.— Stable



0, x(2)<0
y<t):{x(f)+x(t—2) x(£)20

Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?
0, g(1)<0
Let t)=¢g(t). Th )= .
eXl() g() enYl() {g(t)+g(t—2),g(t)20
0, Kg(t)<0

Kg(t)+Kg(t—2),Kg(t)20°
1)<0
)20

Letx, ()= Kg(t). Theny,(t)= {

KYl(t): {O, i(

Kg(1)+Kg(1-2) , gt
For example, let g(z)=1. Theny, (¢
Let K =—1. Theny,(t)=0=#=-2.

Inhomogeneous — Non-Linear

> in(t)
)=2



y(t):{o’ x(2)<0

x(£)+x(t=2) , x(¢)=0
Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?
0, g(1)<0
Letx,(t)=g(z). Th t)= :
eXl() g() enYl() {g(t)+g(t—2),g(t)20
0, g(t—1,)<0
g(t—t0)+g(t—t0—2) , g(t—tO)ZO.
0, g(t—1,)<0
:}’2(t)
Kg(t—t,)+Kg(t—1,-2) , g(t—1,)=0

Let x, (¢)= g(t—to). Then y, (¢)= {

Y1(t_t0):{

Time Invariant

y(#) depends on x (¢ —2)— Dynamic

y(¢) depends only on x at the same or earlier times — Causal

If x(¢) is bounded, x(# —2) is bounded and y(¢) is bounded.— Stable



y[n]:x[—n] Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?

Let x,[n]|=g|n]. Theny,|n]|=g|[-n].

Letx,[n|=Kg|n|. Theny,|n]|=Kg|-n|=Ky,|n].— Homogeneous
Letx,[n|=h[n]|. Theny,[n|=h[-n].

Let x, n = [ ] [ ] Then y3[n] = g[—n]+h[—n].

y.[n]=y,[n]+y,[n]— Additive — Linear

yi[n—n,]=g[~(n—n,)]
Let Xz[n]zg[n—no]. Then yz[n]zg[—n—n()];tyl[n—no].% Time Variant

y at any time n depends on x at time —n — Dynamic

y at any time n depends on x at time —n. For negative n, —n is the future.
Non-Causal

If x is bounded, y 1s bounded.— BIBO Stable



y|n]=x[n—2]|-2x[n—8] Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?
Let x, [n] = g[n] Then y, [n] = g[n—Z]— Zg[n— 8].

Let Xz[n]z Kg[n] Then yz[n]z K(g[n—Z]—Zg[n— 8])= Kyl[n].
Homogeneous

Let x,[n]|=h[n]. Theny,[n|=h[n-2]-2h[n-38].

Let x,[n]|=g|[n]|+h[n]|. Theny,[n|=g[n-2]+h[n-2]- 2(g[n— 8|+h|n- 8])
Yy, [n] =y, [n] +Y, [n] — Additive — Linear

Let Xz[n]:g[n—no]. Then yz[n]:g[n—no —2]—2g[n—n0 —8]:y1[n—n0].
Time Invariant

y at any time n depends on x at other times — Dynamic

y at any time n depends only on x at earlier times.— Causal
If x 1s bounded, y 1s bounded.— BIBO Stable



rX[n] , n=1
y[n]=<0 , n=0
\X[n+1] , n<—1

Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?

g[n] , n=1
Let x,|n]|=g|n|. Theny,[n]=10 , n=0 .
\g[n+1] , n<—1
rKg[n] , n=1
Let x,|n|=Kg|n|. Theny,|[n]=40 , n=0 =Ky,|n]
Kg[n+1] , n<—1

Homogeneous



n=1
Y[n]:<0 ,n:O
n

Kx[n+1] , n<—1
Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?
(g[n] , n=1
Let x,|n]|=g|n]. Theny,[n]=10 . n=0 .
\g[n+1] , n<—1
rh[n] , n=1
Letx,[n]|=h[n]. Theny,[n]=10 , n=0 .
kh[n+1] , n<—1
(g[n]+h[n] , n=1
Let x,[n|=g[n|+h|[n]. Theny,[n]=10 , n=0 .
\g[n+1]+h[n+1] , n<—1

Y3 [”] =Y [i’l] +v, [n] — Additive — Linear



g[n] , n=1
Let x,[n]|=g|n]. Theny, [n]=10 , n=0 .
\g[n+1] , n<—1
rg[n—no] , N2

1
Letxz[n]:g[n—no]. Then y,|[n]=<0 , n=0 >¢y1[n—no].

g[n—n0+1] , ns—1

\

Time Variant

y at any time n depends on x at other times — Dynamic
y at negative times n depends on x at time n +1.— Non-Causal
If x 1s bounded, y 1s bounded. — BIBO Stable



y [n] = X[4n + 1: Linear?, Time-Invariant?, Dynamic?, Causal?, Stable?
Let x, [n] = g[n . Theny, [n] = g[4n + 1].

Letx,|n|=Kg|n]. Theny,|n]|=Kg|4n+1]|=Ky,|n].

Homogeneous

Let x,[n|=h[n]. Theny,[n]|=h[4n+1].

Let x,[n]=g|n]|+h|n]. Theny,|n]|=g|4n+1]+h[4n+1].
y,|n]=y,[n]+y,[n]— Additive — Linear

Let Xz[n]:g[n—no]. Then y2[n]:g[4n+1—n0];tyl[n—no]zg[4(n—no)—l—1].

Time Variant

y at any time n depends on x at other times — Dynamic
y at any time n depends on x at time 4n+1.

For n >0 that is in the future.— Non-Causal

If x 1s bounded, y 1s bounded.— BIBO Stable



2
y(1)= : (dx(t)) , Homogeneous?, Additive?

x(1)\ dr
] 1 (deg(n)Y K (dg(n)Y
Let x,(¢)=g(¢). Then Y1(t)_g(t)( i’t j %Kyl(t)—g(t)[ i’t j
Letxz(t):Kg(t). Then yz(t):K;(t)(d(Kj(t))} :gl((t)(dgdgt)) :Kyl(t)
Homogeneous
Lot (9=h(0). Then ()= (4240

Let X3(t) = g(t)+h(t). Then y3(t) =

dg(t)+a’h(t)}2: ()1 [(dg(t)j2+(dh(t))2+2dg(t)dh(t)]
ot

1
yalr)= g(t)+h(t){ dt dt +h(t)|\ ar

B (t) 7Y, (t) +y, (t) — Not Additive — Non-Linear

For example, let g(#)=1¢> and let h(¢) =3t +2. Then di—y)zm and %EI): 3.
41° 9 126 +8+9  t+17/12
Th =——=4and = d = =4 :
eny, () 2 and y, () 3+ 0 andy, (1)+y,(t) 3 +0 ‘+2/3

_4t2+9+2><21><3_4t2+12t+9_4t2+3t+9/4 117712

Y3(Z) =

2 2 - 2 # :
t°+3t+2 1"+ 3t+2 "+ 3t+2 t+2/3




X[n]x[n—Z]

y[n]= ] Homogeneous?, Additve?

Let x,[n]=g[n]. Theny,[n]=& [’;][i [fl‘] 2] ky [n]= K& [’;][i [fl‘] 2]

Let x, [n] = K g[n]. Theny,[n]=X g[;]ngng_[?]— 2l _k g[’;][i [j‘l‘] 2l ky[n]
Homogeneous

Let x, [n]=h[n]. Then y,[n]= h[’}”‘l][z[fl‘] 2]

(g[n] + h[n])(g[n — 2] + h[n — 2])
g|ln—1]+h[n-1] ’
B [n] Y, [n] +y, [n] — Not Additive — Non-Linear

Let x,[n]=g[n]+h|n]. Theny,|n]|=




y(t)=x(t—4), Invertible?

Lett —>t+4. Theny(z+4)=x(t)— Invertible

y(t)=cos(x()), Invertible?

x(t)=cos™ (y(#)) The cos™ function is multiple-valued.

Not Invertible.

y[n] = nx[n], Invertible?

X[n] = y[n] /n. Whenn=0, X[n] 1s undefined. — Not Invertible.

Ity [n] 1S zero, that can be because X[n] =0 or because n =0 (or both).

So when y[n] =0 we cannot determine X[n] from y[n]



(X[n—l] , n=1
y|[n]=40 ., n=0 , Invertible?
X[n] , n<—1

When n =0, y[n] =0 regardless of the value ofx[n]. So, when n =0,
X [n] cannot be determined by knowledge of y [n] .— Not Invertible

n , Invertible?

%X[n]:y[n]/x[n—l]
yn :X:nix:n—l: —>X[n—l]:y[n]/x[n]%X[n]zy[n+1]/x[n+l]

yln[=x|n|x|n—-1
y_ndzx_ndx_n—ld

So we cannot determine x [n] without first determining either x [n - 1] or

x|n+1].— Not Invertible

1

Example: Let x[n|=(-1)". Then y[n|=(-1)"(-1)"" =-1.
y|n| always equals —1 and that can occur with x|n]=1and x[n—1]=-1

or with x|n|=-1and x|-n|=1.



y[n] = X[l — n] , Invertible?

y[n]zx[l—n]%y[rz—l] [ ]%X y[ n-— 1] y1 n]

Invertible

y[n]= D, (1/2)""x[m], Invertible?

slnl=yln=1]= 3 (112)"" x[m]- milm(l/z)

ylnl-yln-1]=(1/2)"x[n]+ 3 (1/2)"

'
m —o0
=1

x[m]

-1

21/2 x

[m]

x|n]=y[n]-y[n—1]— Invertible

=O



y(t)= [ e"“x(7)dr, Invertible?

—00

d X
Leibniz's rule for differentiating an integral is . J g(A)dA=g(x).
x —o0

Applying it to this case, y'(1)= e x(¢) = x(¢) — Invertible

y(¢)=x’(¢) , Invertible?

Ifx(1)= [ y(t)dz+ K. then x'(1)=y(1).

Therefore, y(t)=x"(t)=x(t) = j y(7)dT+K

—00

We can determine x(¢) to within an additive constant K,

but not exactly.— Not Invertible



y(¢#)=x(2t) , Invertible?
/2)=x(t)— Invertible
x|n/2], neven

y[n]= 0 Cnodd Invertible?

Y[2n]={

Therefore

x|n], 2neven

0O ., 2n odd<« 2n can never be odd.

x|n]=y[2n]— Invertible



Ify’(t)-3y(t)=4x"(¢t)+7x(t) find the impulse response h(z).
h’(t)—3h(t)=46"(¢t)+76(¢t) = Eigenvalue is 3.
h(¢)=Ke* u(t)+K;6(t)

0" 0

OJth’(t)dz— 3th(t)dt = 4_[5'(t)dt+7 +5(¢)d;

0"

Vo

Kk =0 5 ~ ; ~ ~ ~ ~
K-3K,=7

[ [0 (R)dnd-3] [h(R)ar di=a] [&(R)drdi+7] | 5(A)dnds

0 0 = 0" —oo 0 —eo

=h(r) =Ke* u(t)/3+Kz u(t) =5(1) =u(r)

K;—3(0)=4+7(0)>K;=4=K=19

h()=19¢" u(t)+46(t)=h’(t)=19¢¥5(¢)+57¢” u(t)+ 48’ (¢)

h'(t)-3h(t)=46"(¢)+75(t) =19e”5(¢)+57¢ u(t)+ 48’ (t)-57e u(t)—126(t)=46"(¢) + 75(¢)
=0(1)

468°(t)+76(t)=46(¢)+758(t) Check.



If 2y”(¢)+5y’(¢t)=4x(t) find the impulse response h(z).
2h”(¢)+5h’(¢)=46(¢) = Eigenvalues are —5/2 and 0.
h(r)=(K,e”"” +K,)u(r)

o

2(} h” (¢)dr + sofh'(r)dt =4[8(t)dt

0"

—5K,+5K,+5K,=4=K,=4/5

o[ [ (R)drd+5 [ [W(A)dade=4] | 5(A)drd
0" —oo 0" —o 0" =

%/_/ | S — | S —
=h’(r) =h(r) u(z)
-51/2 0"
2(K,+K,)+5| 2Ke*"* /5+Kyt] =0=K +K,=0=K,=-K,=-4/5
- ,

o

h(r)=(4/5)(1-¢")u(t)=h'(r)=(4 /5){(1 = e—S’/2)6(z}+ (57" /2)u(1)} =27 " u(r)

Vo

=0

b (t) = 2{65”5@)_(56% /2)u(t)] =2[8(1)~(5¢ " 12)u(r)]

=51)

2h”(¢)+5h’(t)=46(t)= 4[6(r) —(5¢7" /2)u(t)] +10e™"?u(t)=46(t) = 46(t)=46(t) Check.



|
Let 2h,[n]-h,[n—1]=8[n]. Thenh,[n]=K(1/2)" u|n].
2h, [0]-h, [-1]=8[0]= K =1/2 and hy[1n]=(1/2)""u[n].

=K -0 =1

Using superposition and time invariance, if h, [n]=(1/2)"" u[n]
then h[n]=3h,[n—1]+h,[n-2]=3(1/2)"u[n—1]+(1/2)" u[n-2]
h[n]=(1/2)"(3u[n-1]+2u[n-2]).

n 0 1 2 3 4

The first few values of h
e first few values of h[n] are h[n] 0 3/2 5/4 5/8 5/16

We can find these values also by direct iteration on
h|n]= (1/2)(35[n—1]+5[n—2]+h[n—1]) and we get

n 0 1 2 3 4

firming the validity of the solution.
h[n] 0 3/2 5/4 5/8 5/16 confirming the validity of the solution



Ifx(t)=6(r—1)-36(¢+2) and h(¢)=4rect(¢/5) and y(¢)=x(¢)*h(z) find the signal
energy of y(t) E,.

y

y(¢)=[6(r—1)—36(t+2)]*4rect(t/5)=4| 5(t—1)*rect(t/5)—36(t +2)*rect(t/5) |
y(1)= 4[rect((t— 1)/5)—3rect((r + 2)/5)]

E, = ]o ly () dr =16 ]o [rect((1=1)/5)—3rect((r+2)/5)] di

E, = 16T | rect’ ((1=1)/5)+9rect’ ((t+2)/5)—6rect((t—1)/ 5 )rect((t +2)/5) |dt

oo

E, =16| [ rect’((t=1)/5)dr+9 T rect’ ((t+2)/5)dt—6 T rect((t—1)/5)rect((r+2)/5)dt

—00

[ 7/2 1/2 1/2
E =16| [ di+9 [ di—6 [ dr|=16(5+45-12)=608
| —-3/2 -9/2 -3/2
(—12 , =9/2<t<-3/2 (144 , —9/2<t<-3/2
y(1)=4-8 , —3/2<t<1/2 =y*(t)=164 , —3/2<t<1/2
4 , 1/2<t<T/2 16, 1/2<t<7/2

E, =144 X3+ 064 x2+16x3=608 Check.



If x () = cos(2007t)u(z) and h(z)=e """ u(¢) and y(¢)=x(¢)*h(¢) find y(z).

y(1)= [ x(t)h(t=7)dr = [ cos(2007t)u(z)e ™ u(t —7)dz

1 —-100¢ ¢
y(r)=e"" [ ™ cos(200m7)d7 = —— > [ (e 4™ )dr 150 1y(r)=0,1<0
0 0
y (t): e u ( t)j‘( 100+7200m)7 6(100—j2007r)r) J7 = e ( ) Q100+200m)z N Ql100-72007)7
2 ) 2 100+ j200r 100 — ;2007 .
1001 ( (100+7200m) _ g (100-j200m) _ 4
0= S+ oo 0
2 | 100+ j2007 100 — 2007

1001 100 (6(100+j2007r)t n e(lOO—jZOO;r)t _ 2) + j200 (e(IOO—jZOOn')t _ e(lOO+j2007r)t)

- ()

2 100% + (2007 )’
71" 200( "™ cos(2007t) — 1)+ j200( - j2¢'*" sin(20071)) )
~ 4047842 !

1o, 100(€" cos(20071) — 1) + 200" sin (2007 ) 0
= !
‘ 4047842 '

- __—100r
_ cos (2007t )+ 2sin (2007t ) — e u(?)

4047.842




If x(t)= e cos(2007t)u(t) and h(t)=e"'" u(t) and y(t)=x(¢)*h(¢) find y(z).

y(1)= j X(T)h(t=1)dr = j e cos(20077)u(7)e ™ u(t - 7)dr
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Ifx[n] = ramp[n]u[3— n] and h[n] = u[n-l— 1] — u[n — 2] and y[n] = X[n] >X<h[n]
find the signal energy of y|n].
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Ifx[n]zu[n+4] and h[n]:—u[n—l] and y[n]:x[n]*h[n], find y[n]

y[n]:mix[m]h[n_m]: S u[m+4](~u[n—m-1])

n—1 A
— 1 ,n=>2-3 ol
= < 12;4 " >:(—2 1)u[n+3]
0 , n<=3 m=t

n -4 -3 -2 -1 0

Y[”] O -1 2 -3 -4 "‘:>Y[n]=—ramp[n+4]



Ifx[n]:u[n—2]—u[n—6] and h[n]zu[n+3]—u[n—3] and
yn :X[n]*h[n], find y[n]

i
gMg

yln]= 2 x[m]b[n—m]

i( m 6])( [n m+3]—u[n—m—3])

—00

i( n m+3 [n m—3])

In words, for any value of n, add the impulses in (u[n —m+3|-u|ln—m- 3])

for m ranging from 2 to 5. For example, let n =0. Then
5

y[0]=Y (u[-m-+3]-u[-m~3]

m=2

- (u[1]-u[-51])+ (u[0]—u[-6]) + (u[-1]~u[-7])+ (u[2]-u[-5]) =2



If x[n]=(0.9)"u[n] and h

[r—

n] = u[n—4] and y[n]z X[n]*h[n]

find y[n]
y[n]zmimx[m]h[n—m]zmgm(0.9)mu[m]u[n—m—4]
y[n]=<n§)(0.9)m , n=4 L 1_1(?09)9:1 3u[n_4]

0 , n<4

=10[1-(09)"" Ju[n—4]
This starts with value 1 at time n =4 and approaches,

in a decaying exponential form, a final value of 10 as n — oo.



