
EME172  
Homework #5 Solution 
 
2. Problem 8-2 (a, c, d, f): 

       
 

                
3. Problem 8-14: 

 

 



4. 
Program: 
/*********************** 
 * File name: p8-14.ch 
 **********************/ 
 
#include <control.h> 
 
int main() { 
    double k = 1; 
    array double complex p[3] = {complex(0, 0), 
                                 complex(-6, 0), 
                                 complex(-9, 0)}; 
    CControl sys; 
    CPlot plot; 
 
    sys.model("zpk", NULL, p, k); 
    sys.rlocus(&plot, NULL, NULL); 
 
    return 0; 
} 
 
Output: 
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Program: 
/************************ 
 * File name: p8-14c.ch 
 ***********************/ 
 
#include <control.h> 
 
int main() { 
    // default system gain 
    double dk = 1; 
 
    // open-loop poles 
    array double complex op[3] = {complex(0, 0), 
                                  complex(-6, 0), 
                                  complex(-9, 0)}; 
 
    // dominant closed-loop pole selected from the root locus  
    array double complex dp[1] = {complex(0, 7.348)}; 
 
    // system gain when one of the dominant closed-loop poles is selected   
    array double k[1]; 
 
    CControl sys; 
 
    sys.model("zpk", NULL, op, dk); 
    sys.rlocfind(k, NULL, dp); 
    printf("k: %f\n", k); 
     
    return 0; 
} 
 
Output: 
k: 809.896562 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Program: 
/************************ 
 * File name: p8-14d.ch 
 ***********************/ 
 
#include <control.h> 
 
int main() { 
    // default system gain 
    double dk = 1; 
 
    // open-loop poles 
    array double complex op[3] = {complex(0, 0), 
                                  complex(-6, 0), 
                                  complex(-9, 0)}; 
 
    // dominant closed-loop pole selected from the root locus  
    array double complex dp[1] = {complex(-2.333, 0)}; 
 
    // system gain when one of the dominant closed-loop poles is selected   
    array double k[1]; 
 
    CControl sys; 
 
    sys.model("zpk", NULL, op, dk); 
    sys.rlocfind(k, NULL, dp); 
    printf("k: %f\n", k); 
     
    return 0; 
} 
 
Output: 
k: 57.036925 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5. Problem 9-5: 

 
b.   
Program: 
/****************************** 
 * File name: p9-5b_uncomp.ch 
 *****************************/ 
 
#include <control.h> 
 
int main() { 
    // system gain 
    double k = 45.72; 
 
    // open-loop poles 
    array double complex op[3] = {complex(-2, 0), 
                                  complex(-4, 0), 
                                  complex(-6, 0)}; 
    array double num[1] = {1}; 
    array double den[1] = {1}; 
    double tf = 50; 
 
    CControl sys1, sys2, *sys3; 
    CPlot plot; 
 
    sys1.model("zpk", NULL, op, k); 
    sys2.model("tf", num, den); 
    sys3 = sys1.feedback(&sys2); 
    sys3->grid(1); 
    sys3->step(&plot, NULL, NULL, NULL, tf); 
     
    return 0; 
} 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Output: 
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Program 
/***************************** 
 * File name: p9-5b_comp.ch 
 ****************************/ 
 
#include <control.h> 
 
int main() { 
    // system gain 
    double k = 46.05; 
 
    // open-loop zero 
    array double complex oz[1] = {complex(-0.201, 0)}; 
     
    // open-loop poles 
    array double complex op[4] = {complex(-0.01, 0), 
                                  complex(-2, 0), 
                                  complex(-4, 0), 
                                  complex(-6, 0)}; 
    array double num[1] = {1}; 
    array double den[1] = {1}; 
    double tf = 50; 
 
    CControl sys1, sys2, *sys3; 
    CPlot plot; 
 
    sys1.model("zpk", oz, op, k); 
    sys2.model("tf", num, den); 
    sys3 = sys1.feedback(&sys2); 
    sys3->grid(1); 
    sys3->step(&plot, NULL, NULL, NULL, tf); 
     
    return 0; 
} 
 
Output: 
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c. From (b), about 28 seconds 
 
6. Problem 9-13: 

 

 



 
 
d. 
Program: 
/******************************* 
 * File name: p9-13d_uncomp.ch 
 ******************************/ 
 
#include <control.h> 
 
int main() { 
    // system gain 
    double k = 9273; 
 
    // open-loop poles 
    array double complex op[3] = {complex(0, 0), 
                                  complex(-20, 0), 
                                  complex(-40, 0)}; 
    array double num[1] = {1}; 
    array double den[1] = {1}; 
    double tf = 1; 
 
    CControl sys1, sys2, *sys3; 
    CPlot plot; 
 
    sys1.model("zpk", NULL, op, k); 
    sys2.model("tf", num, den); 
    sys3 = sys1.feedback(&sys2); 
    sys3->grid(1); 
    sys3->step(&plot, NULL, NULL, NULL, tf); 
     
    return 0; 
} 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Output: 

0

0.2

0.4

0.6

0.8

1

1.2

0 0.2 0.4 0.6 0.8 1

Am
pl

itu
de

 Y

Time (sec)

Step Response

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Program: 
/***************************** 
 * File name: p9-13d_comp.ch 
 ****************************/ 
 
#include <control.h> 
 
int main() { 
    // system gain 
    double k = 74130; 
 
    // open-loop zero 
    array double complex oz[1] = {complex(-20, 0)}; 
     
    // open-loop poles 
    array double complex op[4] = {complex(-79.95, 0), 
                                  complex(0, 0), 
                                  complex(-20, 0), 
                                  complex(-40, 0)}; 
    array double num[1] = {1}; 
    array double den[1] = {1}; 
    double tf = 1; 
 
    CControl sys1, sys2, *sys3; 
    CPlot plot; 
 
    sys1.model("zpk", oz, op, k); 
    sys2.model("tf", num, den); 
    sys3 = sys1.feedback(&sys2); 
    sys3->grid(1); 
    sys3->step(&plot, NULL, NULL, NULL, tf); 
     
    return 0; 
} 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Output: 
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7. Program 10-37: 
 
a. See the next page 
 
b. From the Bode plot shown in the next page, we may obtain the gain margin = 27.6 dB and the 
phase margin = 73.6 deg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





c. 
Program: 
/************************* 
 * File name: p10-37c.ch  
 ************************/ 
 
#include <control.h> 
 
int main() { 
    double k = 10; 
    array double complex p[3] = {complex(0, 0), 
                                 complex(-2, 0), 
                                 complex(-10, 0)}; 
    CControl sys; 
    CPlot plot; 
 
    sys.model("zpk", NULL, p, k); 
    sys.grid(1); 
    sys.bode(&plot, NULL, NULL, NULL); 
  
    return 0; 
} 
 
Output: 
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8. 

 
 



 
 


