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IMPULSE RESPONSE

The impulse response of the system, denoted by g(t) is the transient output
response y of the system when its input is fed with an ideal Dirac impulse

u(t) = o(t)

Input Output
‘, . System -

u(t) = o(t) y) =g(t)

For linear system with transfer function:

B @ Y _ U G a(1) |
G(s) = 7G) (s) = U(s)G(s)
When: yp=560 = Ul(s)=1
Y(s) = G(s)
then : ’ 7

g(t) = L7G(s)]
N /
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IMPULSE RESPONSE

Example: RC circuit:

R
: o—y] 1]
Rcd}'—(t) + y(t) = u(t) T ‘ T |
dt ' C V(1)

1
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——=t
(t) = —e RC
I =Re
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STEP RESPONSE

The step response of the system, denoted by h(t) is the transient output
response y of the system when its input is fed with a unit step signal

u(t) = 1(t

woien1(1) l n l) U t

L ut) = 1(t

Time

System

For linear system with transfer function:

G(s) = @ Y(s) = U(s)G(s)

U(s)

When : ut) = 1) = U(s) = -
S

Y(s) = %G(s) = H(s)

then :

] n(t) = L1 EG(S)]

1

Output
=

y(t) = h(t)

Step function ]([/

"o e

0 Time
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Example: RC circuit:

RC% +y(t) = u(t) W)T C T (@
1 O—_Lo

6s) =g g
h(t) = L1 [1
i sRCs+ 1
1 1 A B 1 RC

SROsEL 5 ROeid & RCsEi

After partial fractions decomposition :

1

n(e) = 11 E-] -

—==t

*wel  p(t) =1—e RE

Initial and final value of step response?
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STEP RESPONSE VERSUS
IMPULSE RESPONSE

H(s) =§o(s) - h® = [gwar
0

dh(t)
G(s)=sH(s) = 9B =—7
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STEP RESPONSE

Device for an experimental obtaining the step response:

Signal

generator - » OBJECT » @
Step or square wave ‘

™  Plnter |*

For slow signals
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FREQUENCY RESPONSES

Frequency response is the quantitative measure of the output
spectrum of a system or device in response to a stimulus, and is used
to characterize the dynamics of the system. It is a measure of
amplitude and phase of the output as a function of frequency, in
comparison to the input.

Input Output
» System -

u(t) = Asin(wt) y(t) = Bsin(wt+)

If a sine wave is injected into a system at a given frequency, a linear
system will respond at that same frequency with a certain amplitude
and a certain phase angle relative to the input

where: .

w=2nf [T] - angular frequency
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FREQUENCY RESPONSES

G(5)|e=; Y _ Y(jo)
( )ls jw = G(jw) (A] U(io)
G(jo)= Bf:;@) =§e"“’ =|G(jw)|-e’*” =ReG(jo)+ jImG(jw) =|G(jo)|-e’*
where:
: _\/ : 2 . 2 mfk\/ ) >
G(jo) = [ReG(jo)] HImG(jo)] = P*(0)+0* ()
argG(jw) = O(w)= arctg Im[G(].a))] = arctg Q@)
Re[G(jo)] P(w)
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FREQUENCY RESPONSES

*Nyquist plot - the graph of the frequency respons with
coordinates P(w) = Re [G(j w)] and Q(w) =Im [G( w)]

0w P () o0 P@)
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FREQUENCY RESPONSES

*Nyquist plot - EXAMPLE

)=t 2 o Glay-—2
U(s) 10s+1 1+ j10
2 20w
Po) =T oo (@) =1 0062

mm--n

P(w) 2 8/5 1 1/13 2/101 2/401
Qw) 0 -4/5 -1 -5/13 -20/101  -40/401 O

™
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FREQUENCY RESPONSES

‘Bode plots - present the frequency characteristics separetely

in the form of:
a) magnitude:

A LmBE2e GG @)

L(w)=2010g|G(je)| e

b) phase:

D(w)

A @(a))

™

ch. asymptotyezna
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FREQUENCY RESPONSES

‘Bode plots - EXAMPLE

_ Yk ..k
G(S)_U(S) C Ts+1 = G(]a))—“_ij
. k | k
L, (®)=20log|G(jw)|=20log =20log =20log
1+ joT ]1+ja)T] \/1+a)2T2
~201logk —201logv/1+®>T?
Py 0 for o <<1
) A/ —
OlogNw™T™+ { Wog(wT)  for T >>1
-20log(wT) = —20logw —201logT k koT
when: w©=1/T then: -20log(wl)=0 Pla)= 1+0°T? Q(0)= +0’T?

o(w) = arctg % (@)

™

) = arctg(—oT) = —arctg(oT)
)

/
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Device for an experimental obtaining the frequency response
characteristics:

FREQUENCY RESPONSES

Signal
generator

x(t)=Xesinwt

x(t)=Xgsinwt
»

Vi

OBJECT

»| Phase meter

y(H)=Yosinot @

™
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FREQUENCY RESPONSES

*Bode plots — objects connected in series

0, /@ /
e]@z

G(j) =[G (j)e’™ " |G, (jo)e’™ |G, (jo)e "' =
— ‘Gl (]CO)’ . ‘Gz (]0))’ Gr (jw)’ej(pl/a)/+(p2/a)/+...+(p, /o /
magnitude plot:

L,[G(jo)]=20log|G(jo )| =20logG, (o) +201ogG,(jo )| + ...+ 201og|G, (jo )| =

eseaee

phase plot:
(@) =0 (@) + 0, (@) +...+9,(0)




e

FREQUENCY RESPONSES

Bode plots — objects connected in series EXAMPLE

k, k, k N k
= Tl Tsin@wsy VO W jenyir jor)
. K] 1
L, () =20logG(jw)|=20log———+20log——
1+ joT,| 1+ joT,

P(@) =@ (0) +¢,(0) =—arcig(oT)) + (~arcig(oT)))

EXERCISE:

S
(015 +1)(0.01s +1)

G(s)

NS

™










