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LTI system
Properties in
terms of
impulse
response

LTI system Properties in terms of impulse response

Please follow the below link for study material.


https://class.ece.uw.edu/235dl/EE235/Project/lesson9old/lesson9.html
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Step Response

Characterizes the response to sudden changes in input.
Step Response S[n] — h [Tl] * u[n]

oo

- Z hikJu[n — k]
k=—oo

u[n-k] exist from —wo ton
n

s[n] = Z h[k]

k=—co

h{k] is the running sum of impulse response.
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Step Response for Continuous time system

s(t) = Jt h(t)dr

Step Response

Relation b/w step response and impulse response.
d
h(t) = —s(t
(6) = =s(0)
h[n] = s[n] — s[n — 1]
Egs. Step response of an RC ckt

~C ¥y

il

hl_t]:Le-Em_n x(1) in)
RC
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Step Response Example

Find the step response for LTI system represented by impulse

Step Response

response h[n] = (%)“u.[n].

Ans:
s[n] = Z h[k]

k=—0oo
st = Y )F
k=0

1
.1_(_)1’[1-1
—_ 2
=—%t—n=0
1=
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Step Response Example

h(t) = tu(t)

Step Response

Ans:

s(t) = J n(1)de

—Co

s(t) = "trdr

Y0

tz
:_;LED
2 L




1EC Differential and Difference equation representation
of LTI systems

Ripal Patel

Linear constant coefficient differential equation:

Differential N dk M dk

and Difference _

equation Z g Fy(t) = z bk mx(t)

representation -

of LTI systems k=0 k=0

Linear constant coefficient difference equation:

N
Zakyn— zbkxn—k]
k=0

Order of the equation is (N,M), representing the number of
energy storage devices in the system.

Often N>M and the orderis described using only ‘N’.



1OECE Differential and Difference equation representation
of LTI systems

) : Second order difference equation:
Differential

and Difference 1
equation yInl+ yIn = 1+ —yln - 2] = x[n]+ 2x[n- 1]
representation 4

ol s Difference equation are easily arranged to obtain recursive

formulas for computing the current o/p of the system.

N M
ay[n—k] = byx[n — k]
lkZﬂ k % :
yinl = ) bixln — K]~ o> agyln K] (1)

(1) Shows how to Obtain y[n] from pgfr:elsent and past values of
the input.
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Differential
and Difference
equation
representation
of LTI systems

Recursive evaluation of difference equation

Find the first two o/p values y[0] and y[1] for the system
described by y[n] = x[n] + 2x[n —= 1] —y[n — 1] — iy[n -2]

Assuming that the input is x[n] = (%)"u[n] and the initial
conditions are y[-1]=1 and y[-2]=-2.
IO = 01+ 2X-1-y1-1- $31-2] 411 = o+ 240015001~ Jy1-1

1 1
=14270-1-=x(-2)=
y[0]=142-0 TX(-2)=z
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Differential
and Difference
equation
representation
of LTI systems

Solving Differential and Difference equations

Output of LTI system described by differential or difference
equation has two components

y™- homogeneous solution
yP- particular solution
Complete solution
y=y"+y?
Eg.

A system is described y the difference equation
y[n]-1143p[n—1]+ 041283 [n— 2] = 0.0675x[n ]+ 0. 1349x[n — 1]+ 0.6 78x[n - 2]

y-11=1and y-2]=2,



R Homogeneous Solution for CT system

N k M dk
Y @y (© = ) bx(®)
e dt dt
i ere_ntlal . k=0 k=0
o erence Set all terms involving input to zero
of LT: systems N
2, ngE(® =0
Solution k=0

N
YR = ) cent
i=1

r;are the N roots of the characteristic equation




19EC34 Homogeneous Solution for DT system

N M
Z apyn — k] = Z bx[n — k]
Differential k=0 k=0
and Difference Set all terms involving input to zero
f::raetsl;):tation N
of LTI systems
Z ay[n—k] =0
k=0
Solution N
y [” = Z Cnrln

1; are the N roots of the characteristic equation.




10EC34 Homogeneous Solution Example

RC ckt depicted in figure is described by the differential equation

y(t) + RC %y(t) = x(t) . Determine the homogenous solution.

Differential

and Difference

equation

representation

of LTI systems x(1)

+
=C oy

The homogenous equation is Characteristic equation
d 1+RCry)=10
¥(t) + RC=-y(t) = 0 (1) ( 1)1
Solution . nT"re
N - Homogenous solution of the system
yre) = Zcie ! is

i=1 1,
yh(t) = cie”RC

(@) = et
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Homogeneous Solution Example

Determine the homogenous yB(t) = ce™t + cyem2t
solution. To find ryand 7, solve CE.
Differential d? d dan
and Difl’erence Ey(t) + 5;)!@') + 6y(t) = Put@y(t) =n
equation d
representation 2x(t) +—x(t) (1) becomes
of LTI systems at 2 _
Ans: r*+5r+6=0
r=-3,-2

Homaogenaous equation

d? d
LYO+52y0 +6y(®) =0 (1)
Homogenous solution

N

yh(E) = Zcz-eﬁ‘

i=1

yh(t) = ce 3 + e
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Differential
and Difference
equation
representation
of LTI systems

Homogeneous Solution Example

yinl —%yln =1 —%}-‘ln =2l =x[n-1] r?——r—o=0

Ans: r=o.-
i 1 1

Set |an;t to zero . yh[n] _ Cl(E)n n CZ(_Z)H

ylnl = zvln—1]—gvln =21 =0 (1)

N=2

yh[”] = Clrln+(‘2?‘2n

(1) Becomes

1 1
1l——rt——r2=0
4 8
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Differential
and Difference
equation
representation
of LTI systems

The Particular Solution

Solution of difference or differential equation for a given input.
Assumption : output is of same general form as the input.

Input Particular solution
1 c
t ot + ¢z
e—dt Ce—ﬂf

cos(wt + ©) ¢y cos(wt) + ¢ sin(wt)

DT System

Input Particular solution
1 c
n cn+cy
a™ ca™

cos(On+ @) ¢, cos(Qn) + c; sin(n)
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Differential
and Difference
equation
representation
of LTI systems

The Complete Solution

Procedure for calculating complete solution
1. Find the form of the homogeneous solution y™from the roots of the CE
equation.
2. Find a particular solution yPby assuming that it is of the same form as
the input, yet is independent of all terms in the homogeneous solution.

3. Determine the coefficients in the homogeneous solution so that the
complete solution y = y" + P satisfies the initial conditions.
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The Complete Solution Example

Find the solution for the first order yi[n] = ey
recursive system described by the o lrn—l -0
Differential difference equation.
and Difference 1 r— 1 =10
equation y[n] —=y[n—1] = x[n] 4
representation 4 N 1
m — _\n
il If the input x[n] = (%)"u[n] and the yinl = 01(4)
initial condition is y[—1] = 8. Particular solution
. 1
Ans: ) =G
N=1 [N U T T
Homogenous solution )" —7ei) =)
1 2 4 1 2 2
v[n] —Zy[n —1]=0 € —5e =1

c, =12
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The Complete Solution Example Conti...

Find the solution for the first order yi[n] = ey
recursive system described by the o lrn—l -0
Differential difference equation.
and Difference 1 r— 1 =10
equation y[n] —=y[n—1] = x[n] 4
representation 4 N 1
m — _\n
il If the input x[n] = (%)"u[n] and the yinl = 01(4)
initial condition is y[—1] = 8. Particular solution
. 1
Ans: ) =G
N=1 [N U T T
Homogenous solution )" —7ei) =)
1 2 4 1 2 2
v[n] —Zy[n —1]=0 € —5e =1

c, =12
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Basic Structures

x(n)

1. Adder xy(n) 7 y()= xi(n) +xp(n)

Diagram rep-
resentations of 2. Mudtiplier x(n) a.x(n)

LTI system
(Direct Form-I
and Direct
Form -I1)

3. Delay x(n) x(n—1)
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System | Implementation using Basic Structures

v(n)=byx(n)+bx(n—1)+b,x(n—-2)

~t(n) be vin)
. N+)r—r
| E
. 4 |
! |
»[_tz_" T i
Diagram rep- = |
resentations of )
LTI system . =) {
(Direct Form-I > @
and Direct
Form -I1) . T
z" ‘]

System-|
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Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)

System |l Implementation using Basic Structures

y(n)=v(n)—a,y(n-1)—-a,y(n-2)
_"f@h___ .

System-I|
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Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)

Combined System Implementation

() Lb‘ o4 \ﬁ\) /;\ f -b‘j(”)
I -
a1 ] 4
T >‘:'4 ¥ 4-:‘_'_,
: . o
z [z
o O]

y(n)=—a,y(n—-1)—a,y(n—2)+b,x(n)
==L b —2)
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Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)

Direct Form Il

z| j.
| |
! by |
—_——
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Diagram rep-
resentations of
LTI system
(Direct Form-I
and Direct
Form -I1)

Direct Form Il Realization
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Example

Impl t the system repr ted by following difference euqation

4 2 2 1
)’(n)—EX(n)—X(n—1)+EX(n—2)+§y(n—l)—EJ’(n—2)

Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)
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Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)

System 1 Implementation

v(n) = %x(n) —x(n—1) +%x(n -2)

at(n) 4/3
I'\‘ - H\P»
o |
2= |
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System 2 Implementation

Ripal Patel

y(n) = v(n)+§y(n—1)—§y(n—2)

V{'ﬁ‘ J{,l )

Diagram rep-

| | —=)
resentations of | | Z
LTI system A P
(Direct Form-I " 2/3
and Direct [ <) ———
Form -I1) (\{ =
| w "
-|
| 2|
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Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)

Direct Form 1 Realization

s¢(r) L4/3
I »
£
L-l
! >
2=
2/3

System-|

J’L_}f |
‘ =

i -1/3 =
O————
System-I|
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Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)

~(n) "

{4

Changing the location of z~!structures

41=
-
4
[=]
Pl
J.-—"t“
-1/3 |

B i ‘}_ t_j(n)
bt
i 1
2l
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Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)

Direct Form 1 Realization
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The

Diagram rep-
resentations of

LTI system
(Direct Form-I
and Direct
Form -I1)

End
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