
Linear control assignment – Fall 1387( 2008)  Answer of Assignment No.3 
Dr. Karimpour  Page:I of 7 
Ferdowsi University Of Mashhad - Department of Electrical Engineering  

 

 

 
 

I

  
 
Solution of Problem 1: 
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2.  Because 02〉λ , the system is not BIBS stable. 

 
 

3.  
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4.  
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Because the input/output transfer function has a pole at 10+=s , the system is not BIBO stable. 

Suppose ( )110−=C , then ( ) ( )( ) ( )( ) 20
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In this case )()( sUsY has a single pole at 20−=s  and the system is BIBO stable. This example shows 
that BIBO stability does not imply BIBS stability. 
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Solution of Problem 2: 
 

1. See the bellow m-file: 
 

function [tr, ts, Mp, tp, yss] = find_resp_char(y,t); 
% FIND_REP_CHAR time response characteristics of dynamic responses 
% assumes last point of y vector represents steady-state value 
yss = y(end); 
% find Mp (percent) and tp 
[Mp, tp_index] = max(y); 
Mp = 100*(Mp - yss)/yss; 
tp = t(tp_index); 
% find tr; limit search to 0 < t < tp to find initial 10% to 90% rise in response 
tr_range_indices = find( (y >= 0.1*yss) & (y <= 0.9*yss) & ( t <= tp)); 
tr = max( t(tr_range_indices) ) - min( t(tr_range_indices) ); 
% find ts by flipping t and y 
yf = flipud(y); 
tf = flipud(t); 
ts_indices = find( (yf >= 1.01*yss) | (yf <= 0.99*yss) ); 
ts = tf ( min(ts_indices) ); 

 
2. for the signal supplied on the web page: 
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Solution of Problem 3: 
 

1. The transfer function representation of the second order ODE ukyyy nnn
222 ωωζω =++ &&&  is derived 

as  { } )(2)( 222 sUksssY nnn ωωζω =++  
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If the poles are in the left-half plane, the k represents the DC gain of the system or .)0( kH =  
 
2. the roots of 02 22 =++ nnss ωζω  reveal that the poles are located at 12

2,1 −±−= ζωζω nns  
For the over damped case, where ζ >1, the poles are real, negative, and distinct. As 
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We can write )(sH  as 
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The Laplace transform of the zero-state unit-step response is  
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To find )(ty  , first expand )(sY  as the sum of partial fractions: 
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3. when 1=ζ , the poles are located at 

nnns ωζωζω −=−±−= 12
2,1  

Hence the poles are real, negative and identical. 
In this case  
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4. When 10 <≤ ζ  the poles are complex conjugates with a negative real part. For this case express 

)(sH  as 

( ) ( ) 22

2

2222

2

22

2

2
)(

d

n

nnn

n

nn

n

s
k

s
k

ss
ksH

ωσ
ω

ωζωζω
ω

ωζω
ω

++
=

−++
=

++
=  

So that we can expand )(sY  as 
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From the elementary transform pairs we obtain 
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5. Once again consider the under damped case where 10 <≤ ζ . (Note that  the complex conjugated  

poles are located nω  away from the origin. 
Consider the pole dn js ωζω +−=1  in the second quadrant: 

 
Note that ζθ =sin  and so θζ 1sin−=  

 
6. { } .Re 2,1 ns ζωσ −==  the natural frequency nω  is always greater than or equal to zero. And so if 

0<ζ  and 0>nω , the pole(s) will be located in the right-half plane. As a result, the system is 
unstable and the DC gain is undefined.  
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Solution of Problem 4: 
 

1. This problem considers the effect of a finite zero on the unit-step response of a second-order system: 
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With 5.0=ζ  and 1=nω , the unit-step responses are shown for 1004,2,1,1 and−=α . The 
corresponding m-file is given also. 
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2. The poles are located at 
2
3

2
1 jjs dn ±−=±−= ωζω . The finite zero is located at 

2
ααζω −=−= ns  

 
 



Linear control assignment – Fall 1387( 2008)  Answer of Assignment No.3 
Dr. Karimpour  Page:VII of 7 
Ferdowsi University Of Mashhad - Department of Electrical Engineering  

 

 

 
 

VII

 
α  Zero location

-1 2
1  

1 - 2
1  

2 -1 
4 -2 

100 -50 
 
Using the up m-file, and the function find-resp-char.m (from problem2) the percent overshoot, the time-to-
peak, rise-time, and settling time are determined for the cases where the zero is located in left-half plane. 
 

Zero locations ][str  ][sts  %pm  ][stp  

21−  0.476 10.3 69.9 1.81 
-1 0.938 7.92 29.8 2.42 
-2 1.37 8.28 19.1 3.02 
-50 1.63 8.76 16.3 3.61 

 
 As the zero moves towards the ωj  axis, the overshoot increases significantly, while the rise-time 
decreases. Also note that the settling tme also increases significantly when the zero approaches 0=s . 
 
 
3. As seen in the previous plot, when the zero is located in the right-half plane, the unit-step response 

initially moves away from the steady-state value of the response, rather than towards it.  
 
 

 
 
 
 

 


