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Chapter 2 Mathematical Model of Systems
Lecture 3
• การหา Transfer Function

• ความสมัพนัธ์ระหวา่งอินพทุและเอาทพ์ทุของระบบพลศาสตร์, ฟังกช์ัน่การถ่ายโอน (Transfer Function)

• การท า Linearization

• การหาค่าเอาทุท์ซึงเป็นการท่ีระบบตอบสนองต่ออินพทุชนิดต่างๆ

• Computer simulation (Matlab/Simulink)



Recap last lecture

• System Modelling, 
• me, 

• ee,

• miscellaneous

• Laplace transform table 2.3

• Final value theorem

• Spring-mass-damper model



Transfer Function of Linear System





Input/Output relation
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Steady-state value





























Approximation of Linear System

Definition : a system is defined as linear in term of input and output 
response if it satisfies the properties of superposition and homogeneity.

Necessary condition :

• Superposition:

Assume given x1 to a system that yield y1 

given x2 to a system that yield y2

Thus, for linear system,

given x1+x2 to a system that yield y1+y2

• Homogeneity:

if there is a scale factor β

given βx1 to a system that yield βy1 



Not linear𝑦 = 𝑥2

𝑦 = 𝑚𝑥 + 𝐶

C

Not linear

Not satisfying superposition and homogeneity

How to solve this problem???



Considering an operating point x0, y0,  for small change x and y

C

x0

y0

C

x0

y0

∆𝑦

∆𝑥

(x0,y0)

𝑦 = 𝑚𝑥 + 𝐶 𝑦0 +∆𝑦 = 𝑚 𝑥0 + ∆𝑥 + 𝐶

Equilibrium point/
Operating point

Known that 𝑦0 = 𝑚𝑥0 + 𝐶
𝑦0 +∆𝑦 = 𝑚𝑥0 + 𝐶 + 𝑚∆𝑥

∆𝑦 = 𝑚∆𝑥



Taylor series approximation

Using Taylor series expansion about the operating point (x0,y0) for a 
small range, we can obtain linear approximation of a nonlinear system.







Computer Simulation

• Matlab/Simulink



Example
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