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SOLUTIONS: Quiz #1 

 
 

Problem 1 
 
(1 – a) --- 15 points 

  
Reducing the block diagram: 
 

2
2

4
1
11

1
1

)(
2

2

−
+

+
+
+

+

+
+

=
s
s

s
s
s
s
s

sG  

 

2
2

)4)(1(1
1)( 2 −

+
++++

+
=

s
s

sss
ssG   

)2)(552(
)2)(1()( 2 −++

++
=

sss
sssG  

 
 

(1 – b) ----- 15 points 
 
Open Loop Poles and zeros 
 
Poles:  0552 2 =++ ss  

125.1
4

55
4

40255
2,1 jjp ±−≅

±−
=

−±−
=  

23 +=p  
 
Zeros: 2,1 21 −=−= zz  
 
The open loop system is unstable, since there is one pole in the right half plane. 
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(1 – c) ----- 20 points 
The closed-loop transfer function is given by: 
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Characteristic equation: 
0)102()53()1(2 23 =−+−+++ KsKsKs  

 
The Routh Hurwitz Table: 
 

s3 2 3K-5 
s2 K+1 2K-10 
s1 b1 0 
s0 2K-10 0 

Where,  
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For stability all must be greater than zero 

• 01 >+K  1−>K  
• 50102 >→>− KK  
• 04)1(052 22 >+−→>+− KKK      

 Therefore this condition is met for all real K. 
 

∴ Stability Condition: K > 5 
 



Problem 2 
 
(2 – a) ----- 15 points 
 
Free-body diagrams 
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and output y is given by 
2θLy =  

Solving for y yields: 
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(2 – b) ----- 20 points 
 
Obtaining the closed-loop transfer function, 
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The characteristic equation is: 
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Using the Routh table: 
 

s4 1 66 5kp 
s3 12  1  132  11 0 
s2 55  11 5kp  kp  0 

s1 
11

121 pk−
 

0 0 

s0 kp 0 0 
 
For positive pk the elements of the first column in the Routh table are all positive except 
for s1. The closed-loop system becomes marginally stable when this coefficient becomes 
zero: 
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When kp  = 121 the row s1 becomes all zero; this will make the coefficients of s2 be a 
factor of the characteristic equation. 
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The oscillatory frequency is:  
sradn /11=ω    

 
(2 – c) ----- 15 points  
 
The poles closest to the imaginary axis 2,1p dominate the response  

212,1 jp ±−=  

2=dω , 1=σ  
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Settling time: 
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