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Circuit 2 
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5.4  (a) Node d is the reference and let vo=vc. 
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(b)  Use clockwise currents i1 for abda, i2 for bcdb & i3 for acba. 
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5.14   (a)  

 
 

 (b)    TKKDBDJ  1212111
2

1 )(      222112
2

2  DBDBDJ   
 

 (c)   Let 24231211 ,,,    xxxx  
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 (d)   211211
2

1 )(  DBTKKDBDJ   
 

    11221
2

2 )(  DBDBBDJ   
 

  
 
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1

21
2

2 )(  

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  

 

  
   

T
DB
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5.15   11
2

1 TDJ     oTT 21,2a1 )n(  2
2

222 DJTT io   oi TT 32,3a2 )n(  

 

 3
2

33 DJTT o      121,2a /)n(   232,3a /)n(   

 

 ))()n(()n( 2
2

23
2

32,3a1,2a1
2

1  DJDJTDJ   

 

 ))n())n()n(()n(()n( 1
2

21,2a1
2

32,3a1,2a2,3a1,2a1
2

1  DJDJTDJ   

 

 ))n())n()n(()n(()n( 1
2

21,2a1
2

32,3a1,2a2,3a1,2a1
2

1  DJDJTDJ   

 

   TDJJJ 2,3a1,2a1
2

32,3
2

a1,2
2

a22,3a1,2
2
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 1

2
32,3a1,2a21,2a1
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1
 

eqJ
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  

 
 System 1     System 2 
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 System 1 accelerates faster due to a lower equivalent inertia.  
 
 (b)  
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321
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48

1

JJJ

JJJJ

eq

eq


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
 

 Again, System 1 accelerates faster due to a lower equivalent inertia.  
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5.16  (a) rfDBJDT  )( 1
2  fxKDBMD  )( 2

2  xr   
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
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5.17   (a)   Let Tuyxxx  ,,,, 3233231    

 

  T

J
J

BB

J

B
J

B

J

BB

J

K





















































1

1

31

1

3

2

3

2

32

2

2

1
0

0

0

010

xx         xy 001  

 

 (b)  Let 1324233231 ,,,,,   uyxxxx   

 

  1

1

1

1

31

1

1

1

3

2

3

2

32

2

2

0

0

0

0

0100

0

0010























































J

K

J

BB

J

K

J

B

J

B

J

BB

J

K

xx         xy 001  

 



12 
 

5.18  31222 x
ba

a
x

ba

b
xxx





  (1) 2x is due to motion, 2x and 2x  are due to 3x  

 

 211 xCDy   (2)   123 y
dc

d
yx


  (3) 

    1
1

1
1 x

ba

bC
yD

dcba

adC














    (4) 

 

 From similar triangles:    
ba

xx

a

xx





 3121  (5) 

 
 
 
 
 
 
 The block diagram representation is:  
 
 
 
 
 
 
 
 
 
(b)  If the load has mass and damping, the equation for piston motion is derived in Sec. 5.9.  Starting with  
       Eq. (5.107) but using the symbols of this problem gives 
 

 211
2

1
3 )()( xCDyCL

C

B
CyDCL

C

M

CK

VB
yD

CK

VM
xpbp

BB





 

















  (6) 

 
 Combining Eq. (6) and Eq (1) and (3) gives: 
 

   1111
2

1
3 )()( x

ba

bC
y

dcba

adC
DyCL
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B
CyDCL
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CK

VB
yD

CK

VM xx
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
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
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






 

















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5.19   
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5.20  Rewrite Eq. (5.116) in terms of pressure (or head), i.e., P(or h)=qR.  Thus the pressure drop in the 
pipes are P1 =q1R1, P2=q2R2, and P3=q3r3.  Since 
 

 213 qqq   (1)  3
2

2

1

1
333 R

R

P

R

P
RqP 








  (2) 

 
The pressure at the junction of pipes 1 and 2 is P3.  This pressure is equal to the liquid level in tanks 1 and 
2 minus the pressure drop in pipes 1 and 2, respectively.  Thus 
 
 311 PPh   (3) 322 PPh   (4) 

 
Solving for P1 and P2 in terms of h1 and h2 yields: 
  

 2
31

1
321

1

)(
h

R

RR
h

R

RRR
P 


  (5) 2

312
1

32
2

)(
h

R

RRR
h

R

RR
P


  (6) 

 
Where 313221 RRRRRRR   

 
Using Eq. (5.116), the change in head in tank 1 when qA is larger than q1 is 
 

 
1

1
11 R

P
qqqDh AA   (8)  for tank 2:  

2

2
22 R

P
qqqDh BB   (9) 

 
Using Eqs. (5) and (6) in Eqs. (8) and (9) yields the state equations 
 

Aqh
R

R
h

R

RR
h 



 

 2
3

1
32

1
  (10)  Bqh

R

RR
h

R

R
h 



 

 2
31

1
3

2
  (11) 
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5.21   mbaaaabaaaa DKDiLiReDiLiRe    (1) 

 

 mmaT BDJDiKT   2  (2)  m
T

m
T

a D
K

B
D

K

J
i   2  (3) 

 

 m
T

Tba
m

T

aa
m

T

a D
K

KKBR
D

K

BLJR
D

K

JL
e  




 23     (4) 

 
5.22   (a)  The basic equation of the system is of the form JT  .  All of the torques in the system are       

summed about the pivot point P.  The force f exerts a torque cosf about P, the force Mg 

exerts a torque sinMg about P, and the damper exerts the torque B about P.  Therefore 
the equation of motion is 

 

    BDMgfDMJD  sincos222   (1) 
 
 (b)  For small angles  , Eq. (1) becomes 
 

    BDMgfDM   22     (2) 
 
 (c)  

   



2M

Bg

M

f
      (3) 
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x
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y   (4) 

 
 
 
 
5.23 (a) 
 
 
 
 
 
 
 
 
 

 (b)   TKDBDJ  )( 211111
2

1      424324
2

2  DBKDJ   

 

  )( 2111   KT    12 NTT   32  N    4322   KT  
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5.24  (a)  From Prob 5.21, Eq. (2) is modified to  
 

  mmmaT KBDJDiKT   2  m
T

m
T

m
T

a K

K
D

K

B
D

K

J
i   2  

Solving for ia and substituting into Eq. (1) yields: 
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 22    
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m

T

a

K

KR
DK

K

KLBR
D

K

BLJR
D
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e  










 
 )(23   

 

 mamTbaamaamaT KRDKKKLBRDBLJRJDLvK   )()( 23
1  

 
(b)  Since )()( tDt mm    
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