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What is Time Response?
• If the output of control system for an input varies with

respect to time, then it is called the time response of the 
control system.

• The time response consists of two parts.
• Transient response

• Steady state response

Mathematically, we can write
the time response c(t) as

c(t)=ctr(t)+css(t)

Where,

• ctr(t) is the transient response

• css(t) is the steady state response
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Order and Type of a system
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 Order of the system:

 Consider a system defined by the transfer function:

R(s) a s n  a

C(s) b s m  b
T (s) 

sn1

n n1 0

sm1

 m m1 0

…  a

…  b

s2R(s) 4s 1 R(s)  4s  4

C(s)  


5 C(s)


10s
2

C(s)


10s

R(s) 3s4  2s3  s2  4s 3

 The order of this system is n which is defined by the highest power for s in 

the denominator.

 Examples:

1st order system 2nd order system 4th order system
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 The system type Number:

 It is defined as the number of poles at the origin of the open loop transfer function

G(s)H(s).

 Consider the open loop transfer function of a system as :

 The system of type c and has an order of n+c

 Examples:

0s c (a s n  an n1

G(s)H (s)  m m1 0

sn1 …  a )

b s m  b sm1 …  b

(s 1)(s  4)
G ( s ) H (s) 

50

10s2  3G(s)H (s) 
s2 (3s4  2s3  s2  4s  3)

 System of type 0

 System of type 2

Order and Type of a system



7

Order and Type of a system (Examples)



Standard Test Signals
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 Impulse-Function

 The impulse signal imitates the sudden shock

characteristic of actual input signal.

sudden change

 Step-function

 The step signal imitates the

characteristic of actual input signal.


A t  0

0 t  0
u(t) (t)

0 t

δ(t)

A


t  0

0 t  0
u(t) 

A
0 t

u(t)

A

s
 U (s) 

A

 U (s)  A



Standard Test Signals
 Ramp-function

 The ramp signal imitates the constant velocity characteristic

of actual input signal.

 Parabolic-function

 The parabolic signal imitates the constant

acceleration characteristic of actual input signal.
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t  0

0 t  0
r(t) 

At 0 t

r(t)

0

2
t  0

t  0

At 2

p(t) 
0 t

p(t)

s3

A
 U (s) 

s2

A
 U (s) 

9

Unit Ramp

Unit Parabolic

Ramp with slope A

Parabolic with slope A{

{



Time Response of Control Systems
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 Time response of a dynamic system is response to an input expressed as 

a function of time.

System

 The time response of any system has two components:

 Transient response

 Steady-state response.

c(t)  ctr (t)  css (t)



Time Response of Control Systems
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 When the response of the system is changed from rest or equilibrium it takes some 

time to settle down.

 Transient response is the response of a system from rest or equilibrium to steady state.

 The response of the system after the transient response is called steady state

response.
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Time Response of Control Systems
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 Transient response depends upon the system poles only and not on the

type of input.

 It is therefore sufficient to analyze the transient response using a step

input.

 The steady-state response depends on system dynamics, system type,

and the input quantity.

 It is then examined using different test signals by the final value

theorem.



Response of First Order System

We know that the transfer function 
of the closed loop control system 
has unity negative feedback is,
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First order system, T or τ is the time constant



Response of First Order System
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 The Standard form system transfer function G(s) is given by:

 Where K is the DC gain and T or τ is the time constant of the system.

 Time constant is a measure of how quickly a 1st order system responds to a 

unit step input.

 DC Gain of the system is ratio between the input signal and the steady

state value of output.

 The first order system has only one pole at 1/T

k

R(s) T s 1


C(s)
G(S)



Impulse Response of First Order System
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0
t

 Consider the following 1st order system and unit 

impulse signal is applied as an input:

1 R(s) C (s)K

Ts  1

K=1 & T=2s

15

δ(t)



Step Response of First Order System
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K

Ts 1

R(s) C(s)

0 t

u(t)

1

K=1 & T= 1.5s



Step Response of First Order System
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 System takes five time constants to reach its final value.



Step Response of First Order System
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Step Response of First Order System
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Example of transient & steady-state responses

 Transient response

 Steady-state response

Step Response
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Step Response of First Order System (Numerical 
example1)
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Step Response of First Order System (Numerical 
example2)
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Ramp Response of First Order System
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K

Ts 1
C(s)R(s)



Parabolic Response of First Order System
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K

Ts 1
C(s)R(s)



Summary of response of a LTI first order system
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
c (t) 

1
et / 

c (t) 1 et / 

c(t)  t  1et / 

input: output:

unit ramp

unit step

unit impulse r t  (t)

r t u(t)

r t t

d

dt

d

dt

d

dt

d

dt


