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Palm 9.13  Using the “rule of thumb” approximations:  
𝜔𝜔𝑟𝑟 ≈ 1.4 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠 𝑀𝑀𝑟𝑟(𝜁𝜁 = 0.1) ≈ 5
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𝑀𝑀𝑟𝑟(𝜁𝜁 = 0.3) ≈ 1.67
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Note the actual answers for ζ=0.3 is a bit different: 
𝜔𝜔𝑟𝑟 = 1.28 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠 𝑀𝑀𝑟𝑟(𝜁𝜁 = 0.3) = 1.74
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Palm 9.14 c>2.6

Palm 9.15 k=208 10
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Palm 9.18 𝜔𝜔𝑟𝑟 ≈ √600 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠 G(𝜔𝜔𝑛𝑛) = 1
𝑐𝑐√600

1. 𝜔𝜔𝑛𝑛 ≈ 13 𝐻𝐻𝐻𝐻

2. a) 𝐺𝐺(𝜔𝜔) = 1
�(20−2𝜔𝜔2)2+(22𝜔𝜔)2

𝐺𝐺𝐷𝐷𝐷𝐷 = 1
20

∅(𝜔𝜔) = −𝑡𝑡𝑡𝑡𝑡𝑡−1 � 22𝜔𝜔
20−2𝜔𝜔2� 

b) 𝐺𝐺(𝜔𝜔) = 1
�(27−3𝜔𝜔2)2+(4𝜔𝜔)2

𝐺𝐺𝐷𝐷𝐷𝐷 = 1
27

∅(𝜔𝜔) = −𝑡𝑡𝑡𝑡𝑡𝑡−1 � 4𝜔𝜔
27−3𝜔𝜔2� 

c) 𝐺𝐺(𝜔𝜔) = 1
|100−4𝜔𝜔2| 𝐺𝐺𝐷𝐷𝐷𝐷 = 1

100
∅(𝜔𝜔) = −𝑡𝑡𝑡𝑡𝑡𝑡−1 � 0

100−4𝜔𝜔2� 
Note: ∅(𝜔𝜔 < 5) = 0 

∅(𝜔𝜔 > 5) = −180 

d) 𝐺𝐺(𝜔𝜔) = 1
�(4𝜔𝜔2)2+(100𝜔𝜔)2

𝐺𝐺𝐷𝐷𝐷𝐷 = ∞ ∅(𝜔𝜔) = −𝑡𝑡𝑡𝑡𝑡𝑡−1 � 100
−4𝜔𝜔
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Note:  ∅(0) = −90 𝑑𝑑𝑑𝑑𝑑𝑑 

3.  

4. 𝑥𝑥(𝑡𝑡) = 𝐴𝐴1𝑒𝑒−2𝑡𝑡 cos�√12𝑡𝑡 + 𝐴𝐴2� + 3
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5. a) 𝐾𝐾𝐼𝐼 = 0.2531

b) 𝜏𝜏 = 10𝑒𝑒 + 8∫ 𝑒𝑒 𝑑𝑑𝑑𝑑 

6. 𝐹𝐹 = [𝐽𝐽(18)2 − 𝑘𝑘𝑙𝑙2]𝑒𝑒 + [9.2𝐽𝐽 − 𝑏𝑏𝑙𝑙2]𝑒̇𝑒 a)



Palm 10.5  

 For small 𝑘𝑝, the dominant eigenvalue is approximately 𝑠 ≅  −
𝑘𝑝+1

5
. 

 For mid 𝑘𝑝, the second eigenvalue has a significant impact on the dominant eigenvalue (i.e. no 

longer equal to value above. 

 For large 𝑘𝑝, eigenvalues are complex  

 

Palm 10.39 

𝑘𝑝 ≥  √10 

𝑘𝑑 ≥ 40√5 − 10 


	hw8_sol
	Palm 10

