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(E3.5) A system is represented by a block diagram as shown in Figure E3.5. Write the state equations in the form of Equations (3.16) and (3.17).
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Ans.
 
 
· Therefore, 


(E3.6) A system is represented by Equation (3.16), where

(a) Find the matrix  
(b) For the initial conditions x1(0) = x2(0) = l, find x(t).
Ans.
(a) The state transition matrix is
 
 
(b) The state at any time t ≥ 0 is given by 
Since x1(0) = x2(0) = 1
 



(E3.9) A multi-loop block diagram is shown in Figure E3.9. The state variables are denoted by x1 and x2. 
(a) Determine a state variable representation of the closed-loop system where the output is denoted by y(t) and the input is r(t) 
(b) Determine the characteristic equation.
[image: ]
Ans.
(a) 
 
 
· In state-variable form
 
(b) The characteristic equation
 

(E3.11) Determine a state variable representation for the system described by the transfer function 

Ans.
 [image: ]
 
 
 
·  
 

(E3.19) A single-input, single-output system has the matrix equations

Determine the transfer function G(s) = Y(s)/U(s).
Ans.
[image: ]
 

(P3.12) A system is described by its transfer function

(a) Determine a state variable model.
(b) Determine , the state transition matrix.
Ans.
(a) 
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(b) 
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(E3.9) A multi-loop block diagram is shown in Figure E3.9. The state variables are
denoted by x1 and x2. ¢
(a) Determine a state variable representation of the closed-loop system where
the output is denoted by y(t) and the input is r(t) <

(b) Determine the characteristic equation.<
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E38 The manual, low-altitude hovering task above a
‘moving landing deck of a small ship is very demand-
ing, particularly in adverse weather and sea condi-
tions. The hovering condition is represented by the

matrix
()
A=[0 0 1
0 -6 -3

Find the roots of the characteristic equation.
E3.9 A multi-loop block diagram is shown in Figure
E3.9.The state variables are denoted by x, and xa. (a)

Answer: (a) % = [

istic equation.
X, 1
Ris) ~ > 1)
a Z
1 1
H rn
FIGURE E3.9  Mult-loop feedback control system.

E310 A hovering vehicle control system is represented
by two state variables, and [13]

E3.12_ Use a state variable model to describe the circuit
of Figure E3.12. Obtain the response to an input unit
step when the initial current is zero and the initial
capacitor voltage is zero.

L=02H
—

R=30

C=800uF AN _Ve

FIGURE E3.12  RLC series circuit.

E3.13 A system is described by the two differential

equations
— 4y - + aw = 0,
Gty aw=,
and
dw
By =0,
G by =0,

where w and y are functions of time, and « is an input
u(t). (a) Select a set of state variables. (b) Write the
‘matrix differential equation and specify the elements
of the matrices. (¢) Find the characteristic roots of the
System in terms of the parameters a and b.
Answer: (¢) s = ~1/2 V1 = dabj2

E3.14 Develop the state-space representation of a
radioactive material of mass M to which additional
radioactive material is added at the rate r(t) = Ku(t),
where K is a constant. Identify the state variables.
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The coefficients in the expression above are different from what appears in the exponential.

Computing the matrix exponential [edit]

o - S || © 2011 Pearson Ecucation, inc., Upper Sadate River, Nu. Al rights reserve. This publicaton i protected by Copyright and wrtien permission should be obtained
Finding reliable and accurate methods to compute the matrix exponential is difficult, and thig] from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,

. X X A - i recording,or ikewise. For informaion regarding permission(s), wr to: Rights and Permissions Depariment, Pearson Education, Inc., Upper Saddle River, NJ 07458,
SciPy all use the Padé approximant.I'2I[13I14] |, this section, we discuss methods that are a

describe methods suitable for numerical evaluation on large matrices.

. - CHAPTER 3 State Variable Models
Diagonalizable case |[edit] te Variable Model

If a matrix is diagonal: [40 8 0]x .
a 0 ... 0 (b) The state transition matrix is
0 a ... 0 .
A= ? (1) = | ueia(n0s) | -
00 . oan e — e 4 302 SOt —geit 4 B2
- b
then its exponential can be obtained by exponentiating each entry on the main diagonal: Dy(t) = | 65 + 12c=4 — 2t Dy(t) = 26700 4 g B2
e 0 ... 0 [ 36e0 — ase=tt 12672 | | 27e0 — et 4 502 |
0 e2 ... 0
et =
e Lemit 4 Lo
0 0 e Dyt) = | —3e=0 4 it Lo
» gemtt _ gemtt 4 L2t
This result also allows one to exponentiate diagonalizable matrices. If 2 2
4= DUt P3.13  (a) The RLC circuit state variable representation is
and D is diagonal, then e [ —10 -4 ] i [4 ] "
6 0 0
e=UPU

The characteristic equation is
Application of Sylvester's formula yields the same result. (To see this, note that addition and|

o l0s s 20—
multiplication, and hence exponentiation; in particular, the "one-dimensional® exponentiatio Sl 2=0.

All roots of the characteristic equation (that is, s = —4 and sy = —6)

i N W: 21591 X: 613 =
Nilpotent case [<di] (Options... = F1HY: 3784mm %V 1789mm |, [ 105/72)e) )] ) [





image1.png
[ Modern Control Systems, 12th Edition - PDF-XChange Editor - [m] X
 BEF) KEE ®BERV) XHEO) RO =ER #MHE) IET EMRA) SharePoint REW) REFH)

wE HA BA R NBERE ZEEN B4

- . — B He 8o 9F ¢ [RD&e YIS

& | et axevem 12 #R[A] | = BRO).- =G & e - gmA= Add et BB EE

g B I U axx A o i | e | Text  Form i~
S| AL Avhy AN BO| - % =[x -[—1pt ~]|[Times New Roman -][opt  -]/[ & Mtz

PR ]

EE3510 Chapter 3 105060012 Yu-Sung Change* by b || 1

+ (3.14)

g+ by It

(E3.5) A system s represented by a block diagram as shown in Figure E3.5. Write the 5l Lam an aw]lx

state equations in the form of Equations (3.16) and (3.17).¢ ) ) . .
‘The column matrix consisting of the state variables is called the state vector and is

written as

(3.15)

FIGURE E3.5  Block diagram. @ where the boldface indicates a vector. The vector of input signals is defined as u.

‘Then the system can be represented by the compact notation of the state differential

Ans. equation as
o
x = Ax + Bu. (3.16)
(E3.6)¢
o ‘The differential equation (3.16) is also commonly called the state equation.
The matrix A is an n X n square matrix, and B is an n X m matrix. The state
Ans.< differential equation relates the rate of change of the state of the system to the state
o of the system and the input signals. In general, the outputs of a linear system can be
(E3.9) related to the state variables and the input signals by the output equation
o y=Cx +Du, 317
Ans.<
« 'Boldfaced lowercase letters denote vector quantities and boldfaced uppercase letters denote matri-
ces. For an introduction to matrices and elementary matrix operations, refer to the MCS website and
(E3.11)¢ references (1] and [2].
o
Ans.<
o
(E3.19)¢
o
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(E35) © Find the characteristic roots of the system.
o
Ans. Answer: =1, -1
© E3.4 Obtain a state variable matrix for a system with a
(E3-6)° differential equation
o
3 2
Ans.c dy 4y &
o —= +4— + 6 + 8y = 20u(s).
ar dr? dt
(E3.9)¢
@ E3.5 A system is represented by a block diagram as
Ans. shown in Figure E3.5. Write the state equations in the
© form of Equations (3.16) and (3.17).
(E3.11)¢
o
Ans.<
o
(E3.19)¢
o
Ans.<
o
(P3.12)¢
< .
Anes FIGURE E3.5 Block diagram.
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