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1. Consider a mechanical system that satisfies the following differential equation 
 

𝑥̈𝑥 + 5𝑥̇𝑥 + 10𝑥𝑥 + 4𝑥𝑥5 +
2
𝜋𝜋
𝑠𝑠𝑠𝑠𝑠𝑠 �

𝑥𝑥𝑥𝑥
2
� = 𝑢𝑢 

 
a) Linearize the above nonlinear system at 𝑥𝑥0 = 1, 𝑥̈𝑥0 = 𝑥̇𝑥0 = 0 with 𝑥𝑥 = 𝑥𝑥0 + 𝛿𝛿𝛿𝛿 and 𝑢𝑢 =

𝑢𝑢0 + 𝛿𝛿𝛿𝛿 such that the resulting differential equation is a function of 𝛿𝛿𝛿𝛿 and 𝛿𝛿𝛿𝛿. 
b) Find the corresponding linearized transfer function  ΔX(𝑠𝑠)

Δ𝑈𝑈(𝑠𝑠)
= 𝐿𝐿[𝛿𝛿𝛿𝛿(𝑡𝑡)]

𝐿𝐿[𝛿𝛿𝛿𝛿(𝑡𝑡)] 
c) Calculate the linearized system damping ratio 𝜍𝜍 and natural frequency 𝜔𝜔𝑛𝑛 
 
Sol. 
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2. Consider two carts moving on a table (see below), where the table surface is assumed to be 
frictionless. 

 
 
 

 
 
 
a)   Draw free body diagrams for both 𝑀𝑀1 and 𝑀𝑀2 
b)   Find the differential equations for both free body diagrams using Newton’s law, and 

then find the Laplace transforms of both differential equations 
c)   Find transfer functions from 𝐹𝐹(𝑠𝑠) to 𝑋𝑋1(𝑠𝑠) and from 𝐹𝐹(𝑠𝑠) to 𝑋𝑋2(𝑠𝑠). 

 

Sol: 
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3. Consider the following Bode gain plot.  

 
a) Let the system be stable. Find its transfer function. 
b) Let the system be unstable. Find a transfer function. Is this transfer function unique? 

Sol: 
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4.  Sketch the root locus for the following system 

 

  where  2

( 1) 1( ) , ( )
( 9)
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Sol: 

 


