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ans = 
 
Ga polynimial 
 
Transfer function: 
  
         45 s^5 + 2925 s^4 + 51390 s^3 + 147240 s^2 + 133200 s + 53280 
-------------------------------------------------------------------------------- 
s^7 + 115 s^6 + 4499 s^5 + 70700 s^4 + 553692 s^3 + 5.201e006 s^2 + 3.483e006 s  
                                                                                 
                                                                      + 2.75e006 
                                                                                  
ans = 
 
Ga factored 
 
Zero/pole/gain: 
     45 (s+34.88) (s+26.83) (s+2.122) (s^2 + 1.17s + 0.5964) 
----------------------------------------------------------------- 
(s+47) (s+39) (s+26.34) (s^2 + 0.6618s + 0.5695) (s^2 + 2s + 100) 
  
 
ans = 
 
(b) 
 
ans = 
 
Ga symbolic 
 
                                   3       2 
                        (s + 14) (s  + 49 s  + 62 s + 53) 
         56 ---------------------------------------------------------- 
              2                2                3       2 
            (s  + 88 s + 33) (s  + 56 s + 77) (s  + 81 s  + 76 s + 65) 
 
ans = 
 
Ga polynimial 
 
Transfer function: 
 
  
                56 s^4 + 3528 s^3 + 41888 s^2 + 51576 s + 41552 
-------------------------------------------------------------------------------- 
s^7 + 225 s^6 + 16778 s^5 + 427711 s^4 + 1.093e006 s^3 + 1.189e006 s^2           
                                                                                 
                                                             + 753676 s + 165165 
                                                                                 
ans = 
 
Ga factored 
 
Zero/pole/gain: 
                56 (s+47.72) (s+14) (s^2 + 1.276s + 1.111) 
--------------------------------------------------------------------------- 
(s+87.62) (s+80.06) (s+54.59) (s+1.411) (s+0.3766) (s^2 + 0.9391s + 0.8119) 

16.  

a. Writing the node equations, 
Vo − Vi

s
+

Vo

s
+ Vo = 0. Solve for 

Vo

Vi

=
1

s + 2
. 

 

 



Solutions to Problems   2-11 

 

b. Thevenizing,  

 

 

 

 
1
s Vo (s)

Vi(s)
Using voltage division, Vo (s) =

Vi (s)
2

=
1

2s2 + s + 2
. Thus, 1

2
+ s + 1

s

 

17. 
a. 

 

 

 

 

 

Writing mesh equations 

(s+1)I1(s) – I2(s) = Vi(s) 

-I1(s) + (s+2)I2(s) = 0 

But, I1(s) = (s+2)I2(s). Substituting this in the first equation yields, 

(s+1)(s+2)I2(s) – I2(s) = Vi(s) 
or 

I2(s)/Vi(s) = 1/(s2 + 3s + 1) 
 

But, VL(s) = sI2(s). Therefore, VL(s)/Vi(s) = s/(s2 + 3s + 1). 
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b.  

i2(t)i1(t)

 
(2 + 2

s
)I1(s) − (1+ 1

s
)I2(

−(1+
1
s

s) = V(s)
 

)I1(s) + (2 +
1
s

+ 2s )I2 (s) = 0

2(s
Solving for I2(s): 

+1)
s

V (s)

− s +1
sI2 (s) =

0

2(s +1)
s

− s +1
s

−
s +1

s
2s2 + 2s +1

s

=
V (s)s

4s2 +3s +1
 

 

Therefore, 
VL(s)
V(s)   = 2s 

I2(s)
V(s)  = 

2s2

4s2+3s+1
  

 
 
 
 
18.  

a.  

 

 

 

 

Writing mesh equations, 

(2s + 1)I1(s) – I2(s) = Vi(s) 
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b. 

Z1(s) = 2x105 +

5x1011

s

5x105 + 106

s

Z2 (s) = 5x105 +

1011

s

105 + 106

s

 

Therefore, 
 
Z1(s) + Z2 (s)

Z1(s)
=

7
2

(s + 3.18)(s +11.68)
(s + 7)(s +10)

 

 
23.  

Writing the equations of motion, where x2(t) is the displacement of the right member of springr,  

(s2+s+1)X1(s)  -X2(s) = 0 

          -X1(s) +X2(s) = F(s) 

Adding the equations,  

(s2+s)X1(s)  = F(s) 

 

From which,  
X1(s)
F(s)

=
1

s(s +1)
. 

24.  
Writing the equations of motion,  

(s 2 + s +1)X1 (s) − (s +1)X2 (s) = F(s)

−(s +1)X1(s) + (s2 + s +1)X2(s) = 0

X2 (s) =

(s 2 + s + 1) F(s)
−(s +1) 0

 

Solving for X2(s),  
⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

(s2 + s +1) −(s +1)
−(s +1) (s2 + s +1)

⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

=
(s +1)F(s)

s2(s2 + 2s + 2)
 

From which,  



Solutions to Problems   2-19 

=
(sX2 (s)

F(s)
+1)

s2 (s2 + 2s + 2)
.  

25.  
Let X1(s) be the displacement of the left member of the spring and X3(s) be the displacement  of the 
mass.  
 
Writing the equations  of motion 
 

x1(s) − 2x2 (s)2 = F(s)
−2X1(s) + (5s + 2)X2(s) − 5sX3(s) = 0

−5sX2 (s) + (10s2 + 7s)X3(s) = 0

 X2(s) = 

 

 
Solving for X2(s),  

 ⎪
⎪
⎪

5s2+10 -10

-10 5
1 s+10

 ⎪
⎪
⎪

 ⎪
⎪
⎪

5s2+10 F(s)

-10 0

 ⎪
⎪
⎪

 = 
s(s2+50s+2)

10F(s)

 

Thus,  
X2 (s)
F(s)

=
1
10

(10s
s(5s

+ 7)
+1)

 

26. 

s2 3 s 2+ + X1 s s 1+ X2 s− 0=

s 1+

 

X1 s− s2 2 s 1+ + X2 s+ F s=  

 
0 s 1+−
F s2 2 s 1+ +

Solving for X1(s); X1
s2 3 s 2+ + s+ 1−

s 1+− s2 2 s 1+ +

= F s X1

F s
1

s3 4 s2 4 s 1+ + +
 = 

s3 4 s2 4 s 1+ + +
 . Thus,  =

(s 2 + s +1)X1 (s)

27.  
Writing the equations of motion,  
 

sX2 (s)− = 0

+ (s2 + 2s +1)X2 (s) − X3 (s) = F(s)

+ (s2 + s +1)X3(s) = 0

−sX1(s)

−X (s)

 

2

Solving for X3(s),  

 

 


