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2.1 TRANSIENT AND STEADY STATE 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 

The response of control system in time domain is shown in the following figure 2.1.1. 

  

[Source: “Control System Engineering ” by Nagoor Kani, page-2.1] 

Here, both the transient and the steady states are indicated in the figure. The responses 

corresponding to these states are known as transient and steady state responses. 

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 

Transient Response 

After applying input to the control system, output takes certain time to reach steady 

state. So, the output will be in transient state till it goes to a steady state. Therefore, the 

response of the control system during the transient state is known as transient response. 
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The transient response will be zero for large values of ‘t'. Ideally, this value of ‘t' is infinity 

and practically, it is five times constant. 

Mathematically, we can write it as 

(t) — o 
t-»co 

Steady state Response 

The part of the time response that remains even after the transient response has zero value 

for large values of ‘t' is known as steady state response. This means, the transient 

response will be zero even during the steady state. 

Example 

Let us find the transient and steady state terms of the time response of the control system 

c(t)=10+5e-t 

Here, the second term 5e-twill be zero as t denotes infinity. So, this is the transient term. 

And the first term 10 remains even as t approaches infinity. So, this is the steady state 

term. 

Standard Test Signals 

The standard test signals are impulse, step, ramp and parabolic. These signals are used to 

know the performance of the control systems using time response of the output. 

Unit Impulse Signal 

A unit impulse signal, 5(t) is defined as 

5(t)=0 for t^0 

and S(t)d t — 1 

The following figure 2.1.2 shows unit impulse signal. 
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[Source: “Control System Engineering” by Nagoor Kani, page-2.2] 

So, the unit impulse signal exists only at‘t' is equal to zero. The area of this signal under 

small interval of time around ‘t’ is equal to zero is one. The value of unit impulse signal 

is zero for all other values of ‘t’. 

Unit Step Signal 

A unit step signal, u(t) is defined as 

u(t)=1;t>0 

=0;t<0 

Following figure 2.1.3 shows unit step signal. 

u(t) 

1  ---------------------------------  

Figure 2.1.3: unit step response 

[Source: “Control System Engineering” by Nagoor Kani, page-2.2] 

So, the unit step signal exists for all positive values of ‘t' including zero. And its value is 

one during this interval. The value of the unit step signal is zero for all negative values of 

‘t'. 
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Unit Ramp Signal 

A unit ramp signal, r(t) is defined as 

r(t)=t;t>0 

=0;t<0 

We can write unit ramp signal, r(t) in terms of unit step signal, u(t) as 

r(t)=tu(t) 

  

[Source: “Control System Engineering” by Nagoor Kani, page-2.2] 

So, the unit ramp signal exists for all positive values of ‘t’ including zero. And its value 

increases linearly with respect to ‘t’ during this interval. The value of unit ramp signal is 

zero for all negative values of ‘t’. 

Unit Parabolic Signal 

A unit parabolic signal, p(t) is defined as, 

t2 

P(t 

=0;t<0 

We can write unit parabolic signal, p(t) in terms of the unit step signal, u(t) as, 

t2 
P(t = u( t) 

The following figure 2.1.4 shows the unit parabolic signal. 
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[Source: “Control System Engineering” by Nagoor Kani, page-2.2] 

So, the unit parabolic signal exists for all the positive values of ‘t’ including zero. And its 

value increases non-linearly with respect to ‘t’ during this interval. The value of the unit 

parabolic signal is zero for all the negative values of ‘t’. 

Test Signals 

Input r(t) R(s) 
Step Input A A/s 
Ramp Input At A/s2 

Parabolic Input At2 / 2 A/s3 

Impulse Input 5(t) 1 

Transfer Function 

• One of the types of Modeling a system 

• Using first principle, differential equation is obtained 

• Laplace Transform is applied to the equation assuming zero initial 

conditions 

• Ratio of LT (output) to LT (input) is expressed as a ratio of polynomial in 

s in the transfer function 

Order of a system 

The Order of a system is given by the order of the differential equation governing 

the system. Alternatively, order can be obtained from the transfer function. In the transfer 

function; the maximum power of s in the denominator polynomial gives the order of the 

system 


