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Lecture Objectives 

and Activities
• Review of stability

• Importance of linearization

• Linearization of nonlinear systems

• Active learning activities

– Pair-share problems
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Definition of Stability
Linear 3

A stable system is a system with a bounded response to 

a bounded input

Response to a displacement/initial condition will produce 

either a decreasing, neural, or increasing response.



Stability Analysis – 1st Order ODE
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Stability Analysis – 2nd Order ODE
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Stability Analysis – State Space (SS)
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Stability Analysis with SS - Example
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Importance of linearization

• Dynamics Analysis

• Control and estimation systems design

Linear 8



Importance of linearization

• Is nature linear or nonlinear? physical systems? 

– Many physical systems behave linearly within some range of 

variable, but become nonlinear as variables increase without 

limit

– Possible to linearize nonlinear systems

• Example: Pendulum

• Tractable analysis with linear model
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Importance of linearization
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Linear Approximation
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Taylor’s Expansion
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Linearization Procedure
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Example
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Step 1
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Step 2
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Step 2 (continued)
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Step 3
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Pair-Share Exercise
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Step 1
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Step 2
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Step 3
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Pair-Share Example

A simple robot arm is modeled as

where I is moment of inertia of arm, m is the mass, 

and T is the torque that the motor supplies.

We want the motor to hold the arm at five angles:

Find the torque required and determine what will 

happen if something hits the arm and slightly alters its

position?
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Step 1
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Step 2
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Step 3
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When Arm is Hit
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Lecture Recap

• Many nonlinear systems behave linearly 

with small perturbation

• Linearization procedure

– Establish equilibrium

– Solve for A and B

• Analysis is tractable with linear models

• Next lecture: Stability analysis and 

simulation with Matlab
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