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System Response I
• Impulse input
• Step input
• Ramp input



System Models
Systems can be modelled mathematically, by being represented with 
equations. The standard equations are as follows:

• First order equations

𝜃𝑖 = 𝜏
𝑑𝜃0

𝑑𝑡
+ 𝜃0 (i)

• Second order equations

𝜃𝑖 = 𝜏2
𝑑2𝜃0

𝑑𝑡2
+ 2𝛿𝜏

𝑑𝜃0

𝑑𝑡
+ 𝜃0 (ii)

where: 

𝜏 is the time constant, 𝛿 is the damping ratio

𝜃0 is the output function, 𝜃𝑖 is the input function

In order to solve for how the output change with time, the input change with 
time must be decided



Standard Inputs





Laplace transform is therefore used to solve for the ratio output-
time response  with respect to the input-time change



Laplace Transforms (Revised)





Therefore, the Laplace transforms of equation (i) and (ii) 
respectively give equation (iii) and (iv): 

𝜃𝑖 = 𝜏𝑠𝜃0 + 𝜃0 (iii)

𝜃𝑖 = 𝜃0(𝜏𝑠 + 1)
𝜃0

𝜃𝑖
=

1

𝜏𝑠+1

𝜃𝑖 = 𝜏2𝑠2𝜃0 + 2𝛿𝜏𝜃0 + 𝜃0 (iv)

𝜃𝑖 = 𝜃0(𝜏
2𝑠2 + 2𝛿𝜏 + 1)

𝜃0

𝜃𝑖
=

1

𝜏2𝑠2+2𝛿𝜏+1



Gains of First Order Systems

where T is the time constant



System Response to Inputs

Example 1

where T is the time constant



Solution





Example 2

where T is the time constant



Solution





Example 3

where T is the time constant



Solution





Note:



Future Note:
• 1st order system response to 

sinusoidal input
• 2nd order system response to ALL 

inputs



Homework








