
CHAPTER 2 

2.1  (a) An ideal voltage source model implies constant voltage regardless of the external connections.  This 

could result in current approaching infinity in the  case of a short circuit and therefore would require infinite power 

to supplied by the source.  Similarly, an ideal current source implies constant current regardless of external 

connections.  This cannot possibly be true in the case of an open circuit. 

 (b) An appropriately sized resistor in series with the ideal voltage source, or in parallel with the ideal 

current source, will provide a more accurate model of a physical power supply. 

 

2.2  The operational amplifiers must be operating in their linear amplification range. This means that the output 

voltage can never exceed the power supply voltage.  Usually, the ideal op-amp assumptions are used to develop a 

linear model. 
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2.6  From the solution to Problem 2.5(a), The gain of the first op-amp stage is one.  For the second stage, 
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 Let R3 = R4 = 100K.  Gain = -1 for second stage.  For first stage,      
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2.7  (d) 

 

Let R3 = = R4 =100K.  Gain = -1 for second stage.  For first stage,       
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2.12 (a) Δ = 1 – (-G1-G2-G4-G3 G4 -G1G2G3 G4) + (G1G2+G1 G4+ G2 G4) – (-G1 G2 G4) 

   Δ = 1+ G1+G2+G4+G3 G4 + G1G2+G1 G4+ G2 G4 +G1 G2 G4+G1G2G3 G4 

 M1 = G1G2G3 G4, Δ1 = 1. 

 M2 = G3 G4,  Δ2 = 1+ G1 

 M3 = G1, , Δ3 = 1+ G4 

 M4 = -1,  Δ4 = 1+ G1+ G4+ G1G4 

 M5 = -G3G4G1,  Δ5 = 1 
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 (b) See Example 2.11. 
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( ) ( )

( ) ( )
( ) ( ) ( ) ( ( ) ( )) ( )

( )
0 ( ) ( ) ( ( ) ( )) ( )

m m m

a m
a m a m a m a

m m

a

L
m m m m m L m

m m

m
L L L L m L

L

E s K s s

E s E s
E s R I s L sI s E s I s

L s R

s K I s

s K s
s J s s B s s K s s s

J s B s K

K s
J s s Bs s K s s s

J s Bs



 


    



 

  
         

 


        

 K

 

 



 (c)   

  

1 2

1 2 2 3

( )

( ) 1

m

a

s G G

E s G G H KG G




   
 (d) 

  

1 2 3

1 2 2 3

( )

( ) 1

L

a

G G Gs

E s G G H KG G




   
 (e)  From (c) and (d), or by inspection, 

  

1

3
mL L

m a a

G
E E



  
  

    

 

2.26 From Example 2.11 write analogous differential equation models. 

1
1 1 1 2 1 1 2 1 1 2 1 2

1

2
2 2 2 1 1 2 1 2 2 1 2 1 2

1 2

1
( ) ( ) 0 ( ) 0

1 1
( ) ( ) ( )

di
M x B x x K x x L R i i i dt i dt

dt C

di
M x B x x K x x f L R i i i dt i dt i dt v

dt C C

           
 

            
 

 

    

 
2.27 (a)   

  
1 2

1 2 1 1 2 2

( ) .  Let  and .

1( ) ,  let , , , and  = . 

My B B y Ky f i y v f

di
M B B i K idt v L M R B R B K

Cdt

     

      
 

 
 (b) 
  1 1 2 2 1 1 2( ) 0; ( ) 0Mx B x x B x x K x       

  1 1 2 2
1Let ,  , ,  , and .i x i x K L M R B
C

      

 

 (c) 



  

1
1 1 2 2 1 1 2 1

2

2 1 1 2 2 1 2

1

1
( ) 0 ( ) 0

1
( ) 0 ( ) 0

di
Mx B x x K x L R i i i dt

dt C

B x x K x R i i i dt
C

        

      





 

 
 

2.28 (a) From Problem 2.17(c) solution, 

  1 1 1 1 1 2 2 1 1 1 1 1( ) 0; ( ) ( ); ( )M x B x K x x K x x f t M x B x f t         . 

  1 1 1 1 1, , ,   ( ), and   LL M R B i x v f t v M x      

 

 

 (b) From Problem 2.17(d) solution, let 1 1 2 2, , .i x i x v F    

 

 1
1 1 1 1 2 1 2 1 1 2 2 2 1 1 1 2 1 1 2 1 2

2
2 2 1 2 1 2 2 1 2 1 2 1 2 2 1

( ) ( ) 0 ( ) 0

( ) ( ) ( )

di
M x b x x k k x b x k x M b i i k i dt k i i dt

dt

di
M x b x x k x x F M b i i k i dt i dt v

dt

             

           
 

 

 
 

  Let 1 1 2 2 1 1 1 2 2, , , 1 , 1L M L M b R C k C k      

 

 

2.29 (a) 

   

2 2 3 3 2 3 3

1 2
2 1 2 1

2 1

2

2 1 1 2
1 1 3 1 1 3

1 2 2 1

1
3 1 3 3

2

( ); 0 ( )

,

0 ( )

K K B J

r r

r r

r r r r
K K

r r r r

r
K B J

r

      

   

     

   

     

 

     
        

     

   

 



 (b)  

  

' ' ' '

1 1 1 3 1 3 1 3 1 3 1

2 2 2

'1 1 1 2
1 1 1 3 3

2 2 2 1

( ); 0 ( )

; ; ;

K J B K

r r r r
K K J J B B

r r r r

      

 

     

     
         

     

 

 

2.30  
22

1 2 1 0.01 100 10z n z z K      

 

2.31 (a) 
1

100 (rpm)
100

g mr r  .  The encoder produces 100 pulses per revolution of the gearbox 

output shaft.  Therefore, the resolution is 360 3.6
100

 per pulse. 

 (b)  
22 6 20.01 (Kg ) 0.01 10 (Kg )L m LJ m J J m      

 

2.32 (a)  
  

  

2

38

2 21 2 1( ) 1 1 38 0.475

19( ) 20 20 4 44 40 ( 1)( 10)
1

2 21 2 1

L

a

s ss

E s s s s s s s s

s s

 
              
   

  

 (b)  
3 2

0.475
20( )

( ) 9.5( )( 1)( 10)

20( )0.475( ) 11 (10 9.5 ) 9.5
1

( 1)( 10)

P D

L P D

P DC P D

K s K
s K s Ks s s

K s Ks s s K s K

s s s


  

 
    


 

 

 (c) 
3 2

( ) 20( ) 20( ) ( 1)( 10)

20( )0.475( ) 11 (10 9.5 ) 9.5
1

( 1)( 10)

a P D P D

P DC P D

E s K s K K s K s s s

K s Ks s s K s K

s s s

   
 

    


 

 

 (d) 
( )( ) ( ) 0.475

( ) ( ) ( ) ( 1)( 10)

CL L

a C a

ss s

E s s E s s s s

 
 
  

 


