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8.20 

 a)  𝜁 = cos (𝑡𝑎𝑛−1 (
6

2
)) = 0.316 

  𝜏 =
1

2
 

  𝜔𝑑 = 6 

  𝜔𝑛 = √40 

  

b)  𝜁, 𝜏 are undefined  

  𝜔𝑑 = 5 

  𝜔𝑛 = √26  
  

c)  𝜁 = 1 

  𝜏 =
1

10
 

  𝜔𝑛, 𝜔𝑑 , are undefined 

  

d)  𝜁, 𝜔𝑑 , 𝜔𝑛 are undefined 

  𝜏 =
1

10
 

 

8.23  Stable:   −2.5 < 𝜇 < −2 

 Neutral:  𝜇 = 2 

 Unstable:  𝜇 > −2 𝑜𝑟 𝜇 < −2.5  
 

8.35 𝑚 = 66.5 𝑘𝑔; 𝑏 = 558
𝑁𝑠

𝑚
; 𝑘 = 40,000

𝑁

𝑚
 

 

8.36 𝑏 = 5.34
𝑁𝑠

𝑚
; 𝐾 = 987

𝑁

𝑚
 

 

 

1) 𝑠1,2 =
(−𝑏±√𝑏2−4(3𝑘𝑥0

2)(
𝐽

𝑅2+𝑚))

2(
𝐽

𝑅2+𝑚)
 

 

 

2)  𝑥̈ + 0.6𝑥̇ + ((0.3)2 + (10𝜋)2)𝑥 = 0 

  

 𝑥ℎ(𝑡) = 𝐴1𝑒−0.3𝑡 cos(10𝜋𝑡 + 𝐴2) 

 

3)  𝑥̈ + 0.3𝑥̇ + 0.02𝑥 = 0 

 

 𝑥ℎ(𝑡) = 𝐴1𝑒−0.1𝑡 + 𝐴2𝑒−0.2𝑡  
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4) Regular:  𝑠1,2 = ±𝑗√
𝑚𝑔𝑙

𝐽𝑐𝑔+𝑚𝑙2 

 

 Inverted:  𝑠1,2 = ±√
𝑚𝑔𝑙

𝐽𝑐𝑔+𝑚𝑙2 
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5)  𝑚𝑙2𝜃̈  +  𝑏𝑙2 cos2(𝜃) 𝜃̇ + 𝑘𝑙2 sin(𝜃) cos(𝜃) = 𝑚𝑔𝑙𝑐𝑜𝑠 (𝜃) 

 

 Linearized about 𝜃 = 0:  𝑚𝑙2𝜃̈ + 𝑏𝑙2𝜃̇ + 𝑘𝑙2𝜃 = 𝑚𝑔𝑙 
 

6) 𝑘 ≤
𝑏2

4𝐽𝑙2 

 

7) 𝑘 = (
1.8

0.2
)

2
(

𝐽

𝑅2 + 𝑚) 

  

 𝑏 = 9.2 (
𝐽

𝑅2 + 𝑚) 

 


