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1.1. Links CHAPTER 1. INTRODUCTION

1.1 Links

1. Course web page http://eee.uci.edu/05w/16380/

2

http://eee.uci.edu/05w/16380/


1.2. Instructor CHAPTER 1. INTRODUCTION

1.2 Instructor

Very good instructor, was helpful in o�ce hrs.

Prof. James Bobrow
Email: jebobrow@uci.edu
Phone: (949) 824-4116
Office Location: S3220 Engineering Gateway
Office Hours: T, Th 1:30-2:30

http://gram.eng.uci.edu/~bobrow/

Teaching assistants:

1. Zhi Liang

2. Benjamin Park
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1.3. Course and Text book CHAPTER 1. INTRODUCTION

1.3 Course and Text book

Figure 1.1: course schedule

Figure 1.2: textbook
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1.3. Course and Text book CHAPTER 1. INTRODUCTION
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1.4. syllabus CHAPTER 1. INTRODUCTION

1.4 syllabus

University of California, Irvine
Department of Mechanical and Aerospace Engineering

MAE 170 Course Outline, Winter Quarter, 2005

Instructor: J.E. Bobrow; Office, Engineering Gateway 3220; Phone (949) 824-4116,
email: jebobrow@uci.edu, office hours: Tuesday and Thursday 1:30-2:30 pm.

Classroom: MSTB 118, Tuesday and Thursday, 9:30–10:50 am.

Discussion: Teaching assistants Zhi Liang and Benjamin Park will lead discussions
on homework and on the use of Matlab on Wednesday 12:00-12:50p, room SST
220B; Thursday 11:00-11:50 and 12:00-12:50 in room IERF B011.

Text: Modern Control Engineering, Fourth Edition, by K. Ogata, Prentice
Hall.

Web Reference: A nice control tutorial with Matlab is located at
http://www.engin.umich.edu/group/ctm/ .

Software: Students need to use Matlab with the control systems toolbox. You can
purchase the software, or use the Engineering PC lab in EG3151. You can get
a key card with a $20 deposit from the SOE Dean’s office, REC 305.

Course topics (and sections covered in text): This course presents the control
theory that complements the experiments in MAE 106. Some demonstrations
will be given class.

1. Review of Laplace Transforms (All of Chapter 2).

2. System Modelling (Chapter 3, pages 53-95, 112-113. Op-amps are covered
in MAE106).

3. Thermal and Fluid systems (Selected material from Chapter 4, pages
169-191).

4. Response of systems to general inputs (Selected material from all of Chap-
ter 5).

5. Root Locus analysis (All of Chapter 6).

6. Root Locus design (All of Chapter 7).

7. Frequency response analysis (Selected topics from Chapter 8).

8. Frequency response design (Selected topics from Chapter 9).

Grading Policy:

20% Homework
35% Midterm Exam (at approximately week 6)
45% Final Exam
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study note

Local contents
2.1 some Laplace properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.2 my cheat sheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
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2.1. some Laplace properties CHAPTER 2. STUDY NOTE

2.1 some Laplace properties

Laplace transform properties

ℒ𝑓(𝑡) = 𝐹 (𝑠) = ∫
∞

0
𝑓 (𝑡) 𝑒−𝑠𝑡𝑑𝑡

ℒ𝑓 (𝑡 − 𝑎) = 𝑒−𝑎𝑠𝐹 (𝑠) ℒ𝛿 (𝑡) = 1 impulse ℒ𝑢(𝑡) = 1
𝑠 ℒ𝑢(𝑡 − 𝑎) = 𝑒−𝑎𝑠 1𝑠 ℒ𝑒−𝑎𝑡𝑓 (𝑡) = 𝐹 (𝑠 + 𝑎)

ℒ𝑓 � 𝑡𝛼� = 𝛼𝐹 (𝛼 𝑠) ℒ𝑡 = 1
𝑠2 ramp ℒcos𝜔𝑡 = 𝑠

𝑠2+𝜔2 ℒsin𝜔𝑡 = 𝜔
𝑠2+𝜔2
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2.2. my cheat sheet CHAPTER 2. STUDY NOTE

2.2 my cheat sheet
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2.2. my cheat sheet CHAPTER 2. STUDY NOTE
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3.1. HW 1 CHAPTER 3. HWS

3.1 HW 1

Local contents
3.1.1 Problem B 2-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.1.2 Problem B 2-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.1.3 Problem B 2-7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.1.4 Problem B 2-15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.1.5 Problem B 2-16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.1.6 Problem B 2-17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.1.7 Problem B 2-23 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.1.1 Problem B 2-1

From Modern Control Engineering, 4th edition by Ogata

Question

1. Find Laplace transform for

𝑓 (𝑡) = 0 𝑡 < 0
𝑓 (𝑡) = 𝑒−0.4𝑡 cos 12𝑡 𝑡 ≥ 0

2. Find Laplace transform for

𝑓 (𝑡) = 0 𝑡 < 0
𝑓 (𝑡) = sin �4𝑡 + 𝜋

3
� 𝑡 ≥ 0

Solution

3.1.1.1 Part a

This is of the form 𝑒−𝑎𝑡𝑓 (𝑡), hence use the property of Laplace transform

ℒ�𝑒−𝑎𝑡𝑓 (𝑡)� = 𝐹 (𝑠 + 𝑎) (1)

Where 𝐹(𝑠) is Laplace transform of 𝑓 (𝑡) . But ℒ(cos𝜔𝑡) = 𝑠
𝑠2+𝜔2 , therefore

𝐹(𝑠) = ℒ (cos 12𝑡) = 𝑠
𝑠2 + 144

Hence (1) becomes

ℒ�𝑒−𝑎𝑡𝑓 (𝑡)� = ℒ�𝑒−0.4𝑡 cos 12𝑡�
= 𝐹(𝑠 + 𝑎)

=
(𝑠 + 0.4)

(𝑠 + 0.4)2 + 144

12



3.1. HW 1 CHAPTER 3. HWS

3.1.1.2 Part b

I can not solve ℒ�sin �4𝑡 + 𝜋
3
�� by using the property that

ℒ�𝑓 (𝑡 − 𝑎)� = 𝑒−𝑎𝑠𝐹 (𝑠)

Because here delay 𝜋
3 > 0 where the above property is valid for 𝑎 < 0. Instead, writing

sin (𝜔𝑡 + 𝜃) = sin (𝜔𝑡) cos𝜃 + cos (𝜔𝑡) sin𝜃

sin �4𝑡 + 𝜋
3
� = sin (4𝑡) cos 𝜋

3
+ cos (4𝑡) sin 𝜋

3
ℒ�sin �4𝑡 + 𝜋

3
�� = cos 𝜋

3
ℒ(sin 4𝑡) + sin 𝜋

3
ℒ(cos 4𝑡) (2)

But cos 𝜋
3 =

1
2 and sin 𝜋

3 = √3 and ℒ(sin𝜔𝑡) = 𝜔
𝑠2+𝜔2 ⟹ℒ(sin 4𝑡) = 4

𝑠2+16 and ℒ(cos𝜔𝑡) =
𝑠

𝑠2+𝜔2 ⟹ℒ(cos 4𝑡) = 𝑠
𝑠2+16 . Hence substituting into eq (2) gives

ℒ�sin �4𝑡 + 𝜋
3
�� =

1
2

4
𝑠2 + 16

+ √3
𝑠

𝑠2 + 16

=
1
2

⎛
⎜⎜⎜⎝
4 + √3𝑠
𝑠2 + 16

⎞
⎟⎟⎟⎠

3.1.2 Problem B 2-6

Question

(a) find Laplace transform for

a

b

f(t)

t
a+b

Figure 3.1: function

solution (a)This is a delayed ramp with slope=1. Hence ramp equation is 𝑓 (𝑡) = 𝑡. The
amount of delay is 𝑎

Hence we want to find Laplace transform for 𝑔 (𝑡) = 𝑓 (𝑡 − 𝑎) which is, from Laplace properties,
is 𝑒−𝑎𝑠𝐹 (𝑠)

But 𝐹 (𝑠) = ℒ (𝑡) = 1
𝑠2 therefore the answer is

13



3.1. HW 1 CHAPTER 3. HWS

𝑒−𝑎𝑠
1
𝑠2

3.1.3 Problem B 2-7

From Modern Control Engineering, 4th edition by Ogata

Question

(a) find Laplace transform for

T

T

f(t)

t

tut

Tut  T

t ut  T

Figure 3.2: function

Solution

The above function can be constructed as follows

Let 𝑓 (𝑡) = 𝑡 (the ramp function)

𝑔 (𝑡) = 𝑓 (𝑡) 𝑢 (𝑡) − 𝑓 (𝑡) 𝑢 (𝑡 − 𝑇) + 𝑇𝑢 (𝑡 − 𝑇)

Where 𝑢 (𝑡) is the unit step function

This is ilustrated in this diagram

14



3.1. HW 1 CHAPTER 3. HWS

T

T

f(t)

t

tut

Tut  T

t ut  T

Figure 3.3: function

Now
ℒ�𝑓 (𝑡) 𝑢 (𝑡)� =

1
𝑠2

And

ℒ�𝑓 (𝑡) 𝑢 (𝑡 − 𝑇)� = �
∞

𝑇
𝑡𝑒−𝑠𝑡𝑑𝑡 =

−𝑡
𝑠
𝑒−𝑠𝑡�

∞

𝑇
−�

∞

𝑇

𝑒−𝑠𝑡

𝑠
𝑑𝑡

=
−1
𝑠
�0 − 𝑇𝑒−𝑠𝑇� −

1
𝑠 �
−1
𝑠 �

𝑒−𝑠𝑡�∞
𝑇

=
𝑇
𝑠
𝑒−𝑠𝑇 +

1
𝑠2
�0 − 𝑒−𝑠𝑇� =

𝑇
𝑠
𝑒−𝑠𝑇 −

𝑒−𝑠𝑇

𝑠2

And
ℒ(𝑇𝑢 (𝑡 − 𝑇)) =

𝑇
𝑠
𝑒−𝑠𝑇

Hence

ℒ�𝑔 (𝑡)� =
1
𝑠2
− �

𝑇
𝑠
𝑒−𝑠𝑇 −

𝑒−𝑠𝑇

𝑠2 �
+
𝑇
𝑠
𝑒−𝑇𝑠

=
1
𝑠2
−
𝑇
𝑠
𝑒−𝑠𝑇 +

𝑒−𝑠𝑇

𝑠2
+
𝑇
𝑠
𝑒−𝑇𝑠

=
1
𝑠2
+
𝑒−𝑠𝑇

𝑠2

=
1 − 𝑒−𝑠𝑇

𝑠2

15



3.1. HW 1 CHAPTER 3. HWS

3.1.4 Problem B 2-15

From Modern Control Engineering, 4th edition by Ogata

Question Obtain partial-fraction using MATLAB for

𝐹 (𝑠) = 10(𝑠+2)(𝑠+4)
(𝑠+1)(𝑠+3)(𝑠+5)2

and then find inverse laplace transform

Solution I used Mathematica to find Partial-fraction

Figure 3.4: Code

Hence the inverse laplace tranform is

𝑓 (𝑡) =
15
16
𝑒−𝑡 +

5
4
𝑒−3𝑡 +

15
4
𝑡𝑒−5𝑡 −

35
16
𝑒−5𝑡

Here is a plot of the solution

Figure 3.5: Plot

The Matlab code to find Partial-fraction for this problem is below.
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3.1. HW 1 CHAPTER 3. HWS

Figure 3.6: Matlab code

3.1.5 Problem B 2-16

From Modern Control Engineering, 4th edition by Ogata

Question Obtain partial-fraction using MATLAB for

𝐹 (𝑠) =
𝑠4 + 5𝑠3 + 6𝑠2 + 9𝑠 + 30
𝑠4 + 6𝑠3 + 21𝑠2 + 46𝑠 + 30

And then find inverse laplace transform Solution

Using Mathematica to find Partial-fraction

17



3.1. HW 1 CHAPTER 3. HWS

Figure 3.7: Code

Now find the Inverse Laplace transform for each term in the above result as follows.

ℒ𝛿 (𝑡) = 1

ℒ
23
18
𝑒−𝑡 =

23
18

1
1 + 𝑠

ℒ
3
26
𝑒−3𝑡 =

3
26

1
1 + 𝑠

The inverse laplace transform of the last term −1450−253𝑠
117�10+2𝑠+𝑠2�

is found by writing 10 + 2𝑠 + 𝑠2 =

(𝑠 + 1)2 + 32. Therefore this terms becomes

−1450 − 253𝑠
117 �10 + 2𝑠 + 𝑠2�

=
−1450
117 − 253

117𝑠
(𝑠 + 1)2 + 32

=
−1450
117 − 253

117
(𝑠 + 1) + 253

117
(𝑠 + 1)2 + 32

=
−1197

117 −
253
117

(𝑠 + 1)
(𝑠 + 1)2 + 32

= −
1197
117

(𝑠 + 1)2 + 32
−

253
117

(𝑠 + 1)
(𝑠 + 1)2 + 32

= −
1197

(117) (3)
3

(𝑠 + 1)2 + 32
−
253
117

(𝑠 + 1)
(𝑠 + 1)2 + 32

Hence

ℒ −1 �−
1197
117 × 3

3
(𝑠 + 1)2 + 32

−
253
117

(𝑠 + 1)
(𝑠 + 1)2 + 32 �

= −
1197

(117) (3)
ℒ −1 �

3
(𝑠 + 1)2 + 32 �

= −
253
117

ℒ −1 �
(𝑠 + 1)

(𝑠 + 1)2 + 32 �

= −
1197

(117) (3)
𝑒−𝑡 sin 3𝑡 − 253

117
𝑒−𝑡 cos 3𝑡

= −
𝑒−𝑡

117
(399 sin 3𝑡 + 253 cos 3𝑡)

18



3.1. HW 1 CHAPTER 3. HWS

Adding all of the above, gives the Inverse Laplace transform as

𝑓 (𝑡) = 𝛿 (𝑡) +
23
18
𝑒−𝑡 −

3
26
𝑒−3𝑡 −

𝑒−𝑡

117
(399 sin 3𝑡 + 253 cos 3𝑡)

Here is a plot of the solution

Figure 3.8: Plot

The Matlab code to find Partial-fraction for this problem is below.

19



3.1. HW 1 CHAPTER 3. HWS

Figure 3.9: Matlab code

3.1.6 Problem B 2-17

From Modern Control Engineering, 4th edition by Ogata

Question

A function 𝐵 (𝑠) /𝐴 (𝑠) consists of the following zeros, poles, and gain K. Zeros at 𝑠 = −1, 𝑠 = −2,
poles at 𝑠 = 0, 𝑠 = −4, 𝑠 = −6, gain 𝑘 = 5.

Obtain an expression for 𝐵 (𝑠) /𝐴 (𝑠) using Matlab.

Solution

In Matlab

20



3.1. HW 1 CHAPTER 3. HWS

Figure 3.10: Code

In Mathematica, the solution is as follows

21



3.1. HW 1 CHAPTER 3. HWS

Figure 3.11: Code

3.1.7 Problem B 2-23

From Modern Control Engineering, 4th edition by Ogata

Question

Solve the following ODE

𝑥′′ + 2𝑥′ + 10𝑥 = 𝑒−𝑡

𝑥 (0) = 0

𝑥′ (0) = 0

The forcing function 𝑒−𝑡 is given at 𝑡 = 0 when the system is at rest.

Solution

Taking laplace transform of the di�erential equation gives

𝑠 (𝑠𝑋 (𝑠) − 𝑥 (0)) − 𝑥′ (0) + 2 (𝑠𝑋 (𝑠) − 𝑥 (0)) + 10𝑋 (𝑠) = ℒ�𝑒−𝑡�

𝑠2𝑋 (𝑠) − 𝑠𝑥 (0) − 𝑥′ (0) + 2𝑠𝑋 (𝑠) − 2𝑥 (0) + 10𝑋 (𝑠) =
1

𝑠 + 1

Applying the initial conditions results in

𝑠2𝑋 (𝑠) + 2𝑠𝑋 (𝑠) + 10𝑋 (𝑠) =
1

𝑠 + 1

𝑋 (𝑠) �𝑠2 + 2𝑠 + 10� =
1

𝑠 + 1

𝑋 (𝑠) =
1

(𝑠 + 1)
1

�𝑠2 + 2𝑠 + 10�
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Taking the inverse laplace transform of 𝑋(𝑠) and using partial fraction gives

1
(𝑠 + 1)

1
�𝑠2 + 2𝑠 + 10�

=
𝐴
𝑠 + 1

+
𝐵

𝑠2 + 2𝑠 + 10
(1)

Multiplying (1) by 𝑠 + 1 gives

1
𝑠2 + 2𝑠 + 10

= 𝐴 +
𝐵 (𝑠 + 1)

𝑠2 + 2𝑠 + 10

Evaluating at 𝑠 = −1 gives

1
1 − 2 + 10

= 𝐴

1
9
= 𝐴

Multiplying eq (1) by 𝑠2 + 2𝑠 + 10 gives

1
𝑠 + 1

=
𝐴 �𝑠2 + 2𝑠 + 10�

𝑠 + 1
+ 𝐵

Evaluating at 𝑠 = 3𝑖 − 1 gives
1
3𝑖
= 𝐵

Therefore

1
𝑠 + 1

1
𝑠2 + 2𝑠 + 10

=
1
9

1
𝑠 + 1

+
1
3𝑖

1
(𝑠 + 1)2 + 32

=
1
9

1
𝑠 + 1

−
𝑖
9

3
(𝑠 + 1)2 + 32

Using tables the inverse Laplace transform is

𝑓 (𝑡) =
1
9
𝑒−𝑡 −

𝑖
9
𝑒−𝑡 sin 3𝑡 = 1

9
𝑒−𝑡 (1 − 𝑖 sin 3𝑡)

23
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3.2 HW 2

Local contents
3.2.1 my solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.2.2 key solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
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3.2.1 my solution

HW#2

MAE 170, Introduction to control systems

VCI. Winter 2005

By Nasser Abbasi

-- - -- - - --- -- - - --
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-....

-

c(s)

G I" (;"1.-

I+~~2-)~~-C-I()
, ((SJ

((s.
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?rdrer-f~l1a(-I-)r; -/-PJreiI
I' \,,-:, / I

J
\-1: 4 4

y{sJ__ 1/_ (I-r -# ~ I t's, =. 1- (J-f ~ r--J- =9 (Is)= :s + -2.:"E(Sj - 'Y 7;$ / E(s) '" ...2 ~

~ I~{i) = 1- lit+)+,2 UlJilR4k1ftl-) ').~ I~ i>o/ /)j(f) =- 1- T ,2 f:1 ~ ~
effJ

!7{p//u.- 1"111-f

C-tfI V1[oe//«;.J

e(-f)

"=-

"PID r(?~J15~ ~~e -0 P L /..LJ;"" ~ -h.-e. 11/)'1 ~/-ec. + l.Q

t:ih~ -Iv eli-) htll.lihJ ~ derill'l-h'v.e- fv( -/;>0.
27
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?rob/€;r? B-3- 4- (c:,Yf"f.)

N~..p--c e(-f) = tI~i~ Y-a~Jr::> E(~ - I~--~

~~/1leOm / .

Yc,) - ~ ~ y(,»= J:. -L = ~ ;:;""" hi6lR-J '? fitH) "'" l L I- - -::s- -;T ~ .s"2- S

~.f::-

I -) /

@4 -t{~)

4- (/1 ~f J J>: ~ (:rt ~J~lt2-
~L;Un,;;hM OJ ,,'-T _s:' I i4\ ()(t-) 'f(

/ ~(+)4 t / / e(,

e (of)
I ..

+

?:; 7V7f /by- FvnJ 1- wrJt?jt!-!-heFi:¥1(7w;I1J ~I??dl/ pIZJ5raM wk;ch ~:.l;s;>14t-s

e:J?--tp("-/. 0/ -thl7..s~ C~n frl!1/1frf I Wh;c~ Cllfn h (/S~ fur 4J?'; elf) fvvz(.f1'rh,.- -- - -- 28
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h\~~ser Abbqs,
~1)~W\

;

1

L 'Pl.ts 'P'L "'" r~ ~
(*By Nasser Abbasi. To solve BW 2, Problem B-3-4*)

Clear["Global'*"];

< < Graphics' Legend'

Kp= 4
Ki = 2

Ti = 2 (*sec*)

Td = 0.8 (*sec*)

tf = 6 (*for how many seconds to run the response*)

SetOptions[Plot, PlotRange... {{O, tf}, All},

PlotStyle... {Thickness[.OOS], Dashing[{O.OS, O.OS}], Dashing[{O.Ol, 0.01}]},

AxesLabel... {"time t", "amplitude"}, DisplayFunction... Identity,

PlotRange... {{O, tf}, {O, 2tf}}

]
SetOptions [Legend, LegendPosition... {-1, -. 4}]

Out[988]=
4

Out [989]=

2

Out [990]=

2

Out[991]=
0.8

Out [992]=

6

In[1056] :=

p1 = Plot [{UnitStep [t], Kp UnitStep [t]}, {t, 0, tf},

PlotRange...{{O, tf}, {O, tf}},

PlotLabel..." unit step. Propertional"]

p2 = Plot [{t, Kp t}, {t, 0, tf},

PlotRange... {{O, tf}, {O, tf}},

PlotLabel ... " ramp. Propertional"]

Show [GraphicsArray [{p1, p2}]];

(*h)

p1=Plot[{unitStep[t], Evaluate[Ki .rUnitSteP[X]dX]}, {t, 0, tf},

PlotLabel... " unit step. Integral"]

p2 =Plot[{t, Evaluate[Ki.r XdX]}, {t, 0, tf},

PlotLabel... " ramp. Integral"]

Printed by Mathematica for Students

-- - 29
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2

Show [GraphicsArray[ {pl, p2}]];

(.P+h)

pl = Plot [{UnitStep[t] , Evaluate[Kp UnitStep[t] + Kp r UnitStep[x] dlx)}, {t, 0, tf},
Tj, Jo

PlotLabel-+ " unit step. P+I"]

p2 = Plot [{t, Evaluate [Kpt + Kp rx dlx]}, {t, 0, tf},Tj, Jo

PlotLabel-+ " ramp P+I"]

Show [GraphicsArray[ {pl, p2}]];

(.P+D. )

pl = Plot [{UnitStep[t] ,

Evaluate[KpUnitStep[t] +Simplify[KpTdD[UnitStep[x], x], {x>O}]]}, {t, 0, tf},
PlotLabel-+ " unit step. P+D"]

p2 = Plot [{t, Evaluate[Kp t + Kp Td D [x, x]]}, {t, 0, tf},

PlotLabel-+" ramp. P+D", PlotRanqe-+{{O, tf}, All}]

Show [GraphicsArray[ {pl, p2}]];

pl = Plot [{unitStep[t], Evaluate[Kp UnitStep[t] + Kp rUnitStep[x] dlx +Tj, Jo

KpTdSimplify[KpTdD[UnitStep[x], x], {x>O}]]}, {t, 0, tf},

PlotLabel-+ " unit step. PID"];

p2 = Plot [{t, Evaluate [Kpt + Kp [ X dlx + Kp Td Simplify [Kp Td D [x, x], {x > O}] ]},
Tj, 0

{t, 0, tf},

PlotRanqe -+ {{O, tf}, All},

PlotLabel-+ " ramp. PID"];

Show[GraphicsArray[{pl, p2}]];

Plot[{unitStep[t],

Kp UnitStep [t] ,

Evaluate[Kil\nitStep[x] dlx],

Evaluate[KpUnitStep[t] + Kp lCUnitStep[x]dlx],
Tj, 0

Evaluate[KpUnitStep[t] + Simplify[Kp Td D [UnitStep[x],x], {x> O}]],

Evaluate[KpUnitStep[t] + Kp lCunitStep[x]clx+
Tj, 0

Kp Td Simplify [Kp Td D[UnitStep[x], x], {x > O}] ] }, {t, 0, tf},
PlotLeqend-+{"e(t)","Prop","Inteqral","P+I", "P+D", "PID"},
LeqendPosition-+ {l.l, -.4},

Printed by Mathematica for Students

-- - - ----- 30



3.2. HW 2 CHAPTER 3. HWS

3

PlotRanqe -+{{O, 3}, {O, 7}},

PlotLabel-+ " different controllers response to unit step e (t)",

PlotStyle -+ {Dashinq[ {O.06, O. 06}], Dashinq[ {O.01, O.01}], Dashinq[ {O. 02, O. 02}],

Dashinq[ {O.03, O.03}], Dashinq[ {O.04, O. 04}]}, DisplayFunction -+ $DisplayFunction]

Plot [{t,

Kp t,

Evaluate [Ki .r x dlx) ,

Evaluate[Kp t + Kp r x dlx),
Ti 0

Evaluate[Kp t + Simplify[Kp Td D[x, x], {x> O}]],

Evaluate [Kp t + Kp r x dlx + Kp Td Simplify [Kp Td D [x, x], {x > O}] ]},
Ti 0

{t, 0, tf},

PlotLeqend-+{"e(t)", "Prop", "Inteqral", "P+I", "P+D", "PID"},

LeqendPosition -+ {1.1, - .4},

PlotRanqe -+ {{O, tf}, {O, 30}},

PlotLabel -+ " different controllers response to ramp e (t)",

PlotStyle-+
{Thickness [.008], Dashinq[ {O. 06, O. 06}], Dashinq[ {O. 01, O. 01}], Dashinq[ {O. 02, O. 02}],

Dashinq[{O.03, O.03}], Dashinq[{O.04, O.04}]}, DisplayFunction -+ $DisplayFunction

amplitude unit step. Propertional
6

5

1 2 3 4 5
time t

6

4

3

2

1

---------

'eue~ eL+)
4{+)

Printed by Mathematica for Students

--

amplitude ramp. Propertional
6

/
5

/
4 /

3 /

2 /

1 /
,/

time t
1 2 3 4 5 6
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4

amplitude
12

10

8

6

4- - - - - - - - - -

1 2 3 4
time t

6

unit step. P+D

2

5

Printed by Mathematica for Students

amplitude unit step. Integral amplitude ramp. Integral
12

./
12

10 ./ 10
./

8 ./
8

./

6 ./ 6
./

4 ./ 4
./

2 ./ 2

time t I time t
1 2 3 4 5 6 1 2 3 4 5 6

amplitude unit step. P+I amplitude ramp P+I
12

.,./
12

10 ./ 10 /
./

/8 ./ 8
./

/
6 ./

6
./ /

4 4
/

2 2 I
time t time t

1 2 3 4 5 6 1 2 3 4 5 6

amplitude ramp. P+D

./

251

./
./20

./
./

15 /
./

10 po

5 -timet
1 2 3 4 5 6
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5

amplitude different controllers response to unit step e(t)
7

- -e(t)

;'
;'

;'
;'

;'L.________
;'

;'
;'

;'
;'

;'
;'

;'
;'

;'
;'

;'
;'

;'
---;;r-

;'
;'

;'

m__no Prop

Integra

- - - P+I

-- P+D

- -PID

timet
0.5 1 1.5 2 2.5 3

/

Printed by Mathematica for Students

amplitude unit step. PID amplitude ramp. PID
12

,/ 70 /

10 ./ 60 ./
./ ./

8 ./ 50 ./
./

40 ./

;r/

./ ./
30 ./

./
20 ./

./
10

time t , - time t
1 2 3 4 5 6 1 2 3 4 5 6

6

5

-- 4

3

2

1
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6

to ramp e (t)

/'"

,,,

//'/
-' ........

..-'........

, /",/

I/"~

- - e(t)

- - Prop

~I/

/
/

~:I-

~

Integra

P+I

- - - P+D

1 - - PID
2

3
4

5
6 time t

--- ~ Printedby MathematicaforStudents

-----
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~w4t 2-
pre/Hem 8 -3- 9
IVClSS~rc1tha~;-

t" t ..,. ,.

CO/ls;d t'l' 1 -r 3(J -r 2-(J =- ~

d eriv~ s/z:{}e 5fdCf2, r.epY~.se't1~ -hO¥J.

$dt.1tl'oVL her-4! 0-3 (Ol'd~r af 1>£i)

M )x;= 1
"'5-h-tf€... ~ X'].:: ~
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r-
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HW =If2-

Problem 13-3 -1/
Nt:{ sser Abb~':)I'

2l'1s;tler s'jS1ern de'jined ~ lie fd/OtAJ;'"d 5Mf€ 5p&'C-t2-

d- = [I 2] [;~]
cbl-4in +he hzmsf-u- fVi-]c;hm C(sJ ~r fAil s1s k~ .

O,I.;:..w€-r

. - -
x ==- AX-t 8U

"( =- t X i i5 LA
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-I
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\
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-J
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IWI 2-
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3.2.2 key solution
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3.3 HW 3

3.3.1 my solution

- - --

Hw' -# 5

IV/liG , 1-0

- -- -
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HW 3, MAE 170.
Computer Problem 1, cruise Control with no engine delay

by Nasser Abbasi /
UCI, Winter 2005. / D
Solution

J
The first disturbance. b
Using the input specified by u = [27 fd + 200 sign(sin(0.5t))]
By trial and error, I changed kp and ki to find a velocity output that remained as close as possible
to the reference velocity without exceeding the maximum engine output of 3381 N. I addition, I was
looking for the least amount of overshoot over the reference velocity. I was not able to eliminate
completely the overshoot, but had to settle with an initial of only 0.5 mls overshoot. After trying a
number of different combinations, I found the following to give the best result.

1500

6500

The max engine output was 3347 N
The transient values, read from this plot, are

27.8

27.6

I I I I . , I .
I I I I I I . I
I I I . I , I II I I . I . I ,. . . . . t I I----------------------------------------------------------------------
I I I I I I I I. I . I I I I II I . I I I I .' / ' , , . I . I, \ ' I . I I . ,I I I . I I . I

?74 -------:
1

-----

\,- - - - - - - -: - - - - - - -: - - - - - - - -;- - - - - - - -: - - - - - - -: - - - - - - - -;- - --. I . I I . I .. I . I I I . .. I . I I I I I_ 27.2
(I)

:i
;; 271'

Q)
Q)
Q..

~ 26.8:3Q..
:;
o 26.6

26.4 ~ -/- ; -: -; i --: ;.-- -1- --:--......I I I . . I I .
I I I I I I , I. I . I I . . II I . I I I . .

26.2 t-/...-- --~... -: -~ --~ --: ~-- ~- --:--......I I I I I I . .: I I I . . I . .
I I I . I I I I, I I . I . I I
I I I I I I I I

... ... ... ...1 .. ... _ _ _ _ _ _.. _ _ _ _ _ _ _ -*- _ __, , .

~: :, , ,
: :~1 ~. .. . . ,

" . 1 . I. I , I .. . , . .
- - - - -- - , - - - - - - - -1- - - - - - - - r - - - - - - - , - - - - - - - -r' - - -I . . I ,. 1 . . ,I 1 1 . .1 1 . . .. , 1 . .

- - - -1-- _" _ __ __ _ _ _,__ _ __ _ _ _I. __ _ _ _ __ ,,__ _ _.. 1 I. _ _ _,,_ __ _ _ _ _ ..8____. I I , , . . .. .. ,. ,, ,

26
o 2 3 4 5

time (see)
6 7 8

delay time=O.4 sec
rise time=O. 8 see
peak time=1.5 sec
settling time=6.2 see
Max overshoot=0.5 mls
(reference on page 230 of text for more explanation of these values).
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The state space matrices are

[

~ !s.

] [

!2 -1

] [

1 0

] [

0 0

]A = ~1 0' B = i 0' C = -kp ki' D = kp °

The output matrix is [i]
The output using the abovevalues is shownin these plots

27.6

II

'I
I

, ,27.2'h . .
.....

~
-g 27ma.
CI)

'S 26.8a.
'S

o 26A3!

:1
II

.
..
II

26.4

/<~ -r- f k-f

rn'c'- -t f fer + I</t'

-

\
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File Edit View

'Pm~ PiiI-~
Max engine force output is 3347.378843 (N)

3500

-1000o 10 20 30 40 50

time (see)

60 70 80

The second disturbance.

Using the input specified by u = [27 fd + 200 sin(0.5t)]
By trial and error, I changed kp and ki to find a velocity output that remained as close as possible
to the reference velocity without exceeding the maximum engine output of 3381 N. I addition, I was
looking for the least amount of overshoot over the reference velocity. I was not able to eliminate
completely the overshoot. After trying a number of different I found the following to give the best
result.

3100

7000

The max engine output was 3371 N

--- -- -
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,500'
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It ---
~
6-
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S
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j- j j j i---------------------,,,
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delay time=O.3625 sec
rise time=O.75 sec

peak time=1.25 sec
settling time=3.8 sec
Max overshoot=O.25 m/s
Notice that the transient response for the second disturbance is better than the first. It has a faster
rise time and settling time and less max overshoot. This is due to the fact that the second disturbance
is smoother than the first. The first was a square wave, and the second is a sin wave.

----- ----
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Insert
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HW 3, MAE 170.
Computer Problem 2, cruise Control with no engine delay
by Nasser Abbasi
UCI, Winter 2005.
Solution
The S

[

ta~e sp;ce ~

]

atrices are

[

0 -1

]
A = -1 0 0 , B = 1 0, C =

[
_1

-kp & -1 !2 0 kp
T T T T

The output matrix is [~] state matrix X = m
The first disturbance.

Using the input specified by u = [27 fd + 200 sign(sin(0.5t))]
By trial and error, I changed kp and ki to find a velocity output that remained as close as possible
to the reference velocity without exceeding the maximum engine output of 3381 N. I addition, I was
looking for the least amount of overshoot over the reference velocity. I was not able to eliminate
completely the overshoot, but had to settle with an initial of only 0.5 mls overshoot. After trying a
number of different combinations, I found the following to give the best result.

~]

3100

1000

The max engine output was 3367 N
The transient values, read from this plot, are
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delay time=0.8 see
rise time= 1.6 see

peak time=2.2 see
settling time=5 see
Max overshoot=0.19 m/s
(reference on page 230 of text for more explanation of these values).
The output using the above values is shown in these plots

~
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80
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o
(I)

.~ 1000'cw

20 40 50
time (sec)

70
'I

The second disturbance.

Using the input specified by u = [27 fd + 200 sin(0.5t)]
By trial and error, I changed kp and ki to find a velocity output that remained as close as possible
to the reference velocity without exceeding the maximum engine output of 3381 N. I addition, I
was looking for the least amount of overshoot over the reference velocity. After trying a number of
different I found the following to give the best result.

3150

1000

The max engine output was 3351 N

-- --
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Eile. ~dit. YIe'i'.' Insert
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delay time=O.75 see
rise time= 1.5 see
peak time=2.2 see
settling time=5 see
Max overshoot=O.18 m/s
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% Problem 3

% The parameters of the pneumatic system discussed in class are a=1,
% m=1, b=350, and c=20. Find a proportional gain k that gives a fast
% step response.
% Model the system in state-space form using the states: position,
% velocity, and force. Repeat the step response simulation with a
% disturbance force of Fd=-10 pushing to the left throughout the motion.
% Simulate the response of the system using the gain you found above, and
% a 1 Hz square wave input (+- 1 amplitude), a 1 Hz sin wave, a 5 hz sin
% wave, and a 10 hz sin wave. Show your plots, and try to explain your
% results.

%by Nasser Abbasi

clear all;
close all;

m = 1; %Kg
c = 20;
b = 350;
a = 1;
nIter=10;
t=0:0.1:100;

y=zeros(length(t) ,nIter) ;
k=O;

Gss = ss(A,B,C,D);
[y(:,nIter) ,t]=step(Gss,t);
legendStr(nIter)={sprintf('%d',k)};
nIter=nIter-1;

end

plot(t,y)
title('step response as function of changing gain k');
xlabel('time (see) ');
ylabel('position x');
legend (legendStr) ;

Y\ eY.+

while nIter>O
k=k+10;

A = [-elm -k*a -b
b 0 1
11m 0 0];

B = [k*a
0
0];

C = [0 1 0];

D = r 0 ];
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HW 3, MAE 170.
Computer Problem 3
by Nasser Abbasi
DCI, Winter 2005.
Solution
This is the result of running the step response as k is changed.
This shows that as k increases, the response is faster. at k=100 we have a rise time of about 20
seconds. at k=lO the rise time was more than 100 seconds.

80 90

~
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% Problem 3

% The parameters of the pneumatic system discussed in class are a=l, m=l,
b=350,
% and c=20. Find a proportional gain k that gives a fast step response.
% Model the system in state-space form using the states: position,
% velocity, and force. Repeat the step response simulation with a
% disturbance force of Fd=-10 pushing to the left throughout the motion.
% Simulate the response of the system using the gain you found above, and
% a 1 Hz square wave input (+- 1 amplitude), a 1 Hz sin wave, a 5 hz sin
% wave, and a 10 hz sin wave. Show your plots, and try to explain your
% results.

%by Nasser Abbasi

clear all;
close all;

m = 1; %Kg
c = 20;
b = 350;
a = 1;
fd=-lO;
k=100;

step(ss(A,B,C,D) ,t);

title('Step response with fd=-10, k=100');

t=0:pi/50:2*pi;
t1=t;
figure
u=sign(sin(2*pi*1*t»; %lhz square wave
[y,t]=lsim(A,B,C,D,u,t);
plot(t1,y ,'-.');
hold on;
plot(t1,u);
title('response to 1hz square wave. ');
ylabel('amplitude') ;
xlabel('time see');
legend('input','response') ;

-- -- -

t=0:0.5:300;
t1=t;

A = [-elm -k*a+a*fd -b
0 0 1
11m 0 0];

B = [k*a-fd*a
0
0];

C = [0 1 0];

D=[O];
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figure;
t=0:pi/50:2*pi;
t1=t;
u=sin(2*pi*1*t); %lhz sin wave
[y,t]=lsim(A,B,C,D,u,t);
plot(t1,y ,'-.');
hold on;
plot(t1,u);
title('response to 1hz sin wave. ');
ylabel('amplitude');
xlabel('time sec');
legend('input','response');

figure;
t=O:O.OOl:l;
t1=t;
u=sin(2*pi*t*5); %5hz square wave
[y,t]=lsim(A,B,C,D,u,t);
plot(t1,y ,'-.');
hold on;
plot(t1,u) ;
title('response to 5 hz sin wave.');
ylabel('amplitude') ;
xlabel('time sec');
legend('input','response');

figure;
t=O:O.OOl:l;
t1=t;
u=sin(2*pi*t*10); %10hz sin wave
[y,t]=lsim(A,B,C,D,u,t);
plot(t1,y ,,-.');
hold on;
plot(t1,u);
title('response to 10 hz sin wave.');
ylabel('amplitude') ;
xlabel('time sec');
legend('input','response');
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3.4 HW 4

3.4.1 my solution

HW#4

MAE 170, Introduction to control systems

VCI. Winter 2005

By Nasser Abbasi
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1

Remove["Global'*"];

« Control Systems '

In[127) :=

10 s + 10

sys = TransferFunction[ s, ];
s3 + 4 s2 + 10 s + 10

SimulationPlot[sys, input[t], {t, 10}, PlotLabel -> "Response to 1/2 t"2",

AxesLabel... {"time (see)", "amplitude"}, GridLines... Automatic] ;

amplitude

5
Response to 1/2 tA2

4

3

2

1

2 4 6 8
time (see)

10

Printed by Mathematica for Students
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In[20J:=Remove["Global'."];

« ControlSystems'

« Graphics'

sys = TransferFunction [ s,

k
j

S2 + .E. k];
j S + T

j= 10;
is= .2;

a = Table[i, {i, 1, 100}];

process [] := Module [ {} ,

i = 0;

For[b=2, b<30, b=b+S,

{

For [k = 0 . 1, k < 1. 8, k = k + .2,

{

i = i + 1;

k
j

]

.

b k'
S2 + ..,.. S + ..,..

J J

Y = Re[Chop[N[OUtputResponse[sys, input[t], t]]]];

p=Plot[{input[t], y}, {t, 0, 20},

PlotLabel -> "K=" <> ToStrinq[k] <>" B=" <> ToStrinq[b],

DisplayFunction -+ Identity];

a[[i]] =p;

}

] ;

sys = TransferFunction[ s,

, 3]], DisplayFunction -+ $DisplayFunction];

}

] ;
] ;

process[];

Show [GraphicsArray[Partition [Take [a, {I,
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2
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3.5 HW 5

3.5.1 my solution

--- - -- -- -- -- ---
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HW 1, MAE 170.
Problem B 6-1, Modern Control Engineering,4th edition by Ogata
by Nasser Abbasi
DCI, Winter 2005.

Question
Plot the root loci for C (8) = .,. Ie..

Solution
The closed loop transfer function is

k

Cd (8) = ~ = s(s+1)(s2+4s+5) = k
1 + C 1 + _1_ "\I_~ ,,_, ~\ 8 (8 + 1)(82+ 48+ 5) + k

Hence the system is

R(s) C(s)

R(s)

Ii
s(s+l) (s2+4s+5) +k C(S)

step 1
Plot the open loop poles and zeros:

Poles are at 8 = 0,8 = -1, and roots of (82+ 48+ 5) which is 8 = -H~ = -4;2i = -2::1::i
There are no finite zeros (there are however 4 zeros at (0)

step2
Apply angle condition to find initial segments on real axis that could be part of the root loci.
We see that on the REP, it is not possible to have loci, since then the sum of angles to a text point
will not add to 180::1::n360. For segments between pI and p2, we will have a loci. for the segment to
the right of p2, it is not possible to have a loci. Hence we now get this plot: (I use bold line to show
where loci is)

- ------

+ k -
j - s(s+1) (s2+4s+5)

Xp3

X
p2

IPl
X

p4
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step 3
Since loci starts at a pole and ends at a zero of the open loop poles/zeros, then we know loci must
start at p1 as well it must start at p2. Hence there must be a break away point between p1 and p2.
Now we find this break away point. For this we use the condition that ~: = 0
The characteristic equation for the close loop is 8 (8 + 1) (82+ 48 + 5) + k = 0 hence
~: = :is (8 (8 + 1) (82+ 48 + 5)) =:is (58 + 982+ 583+ 84) = 5 + 188 + 1582+ 483 = 0, Solution is:
[8 = -1. 678 5 - 0.60278i] , [8= -1. 6785 + 0.602 78i] , [8 = -0.39299]
Since we are looking for a solution on the real axis, and one that is between p1 and p2, hence only
possible solution is 8 = -0.39299, I add this point to the diagram, now it looks as follows

X
p3

p2 -0.39 Ipl

Xp4

step 4
Now I need to find where the asymptotes lines cross at the real axis, and need to find angles that
asymptotes leave the real axis at.
to find where asymptotes meet at the real axis:
(Ja = L""Zi-LnPi = O-(O+1+(2-i)+(2+i))= -(1+4) = -125n-m 4 4.
To find angles, put a test point s very far away, and consider the sum of angles from the finite poles
and zeros to that test point. we have here only 4 finite poles and no finite zeros. We know that sums
of these angles must be 180 degrees, so we write

40 = 180:f: n360

o = 45:f: n90

Hence the angles are 45,45 + 90,45 + 180,45 + 270 or 45,135,225,315 so now I get this diagram,
where I just added the asymptotes lines

Xp3

H
p2

IPl

Xp4

89



3.5. HW 5 CHAPTER 3. HWS

step 5

Now I need to find angles of departures of loci from p3 and p4. To do this, put a test point s very
close to p3 and solve for the angle conditions. a little bit of geometry is needed here. We get

p3

-2 p2 -1 pl

1/>.3_-
p4

Hence, for a test point's' near p3, we get from the angle condition, the following

but
(h = 90°

()2 = 90° + tan-1 (1/1) = 135°
()1 = 90° + tan-1 (2/1) = 90° + 63.4°= 153.4°
hence

o + 90 + 135 + 153.4

0+378.4

180° ::I::n360

180° ::I::n360

180° ::I::n360 - 378. 4

-198.4 ::I::n360

Since angles are positive anticlockwise, then this angle of -198.4 means this:
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-198.4

Hence, this is the angle of departures of p3. By symmetry we know the angle of departure of p4.
Hence the plot now looks like this:

""
I.

/.
/

/
/

/
/

/
/

/

~P2 pl
/ "-1.27" -0.39

/ "
/ ""/ "/ "

/ " "
p4 ~~

/0

Note: at the break away point, -0.39, the loci is at 90° from the real axis.
step 6
Find where loci cross the j axis.
Looking at the charaterstic equation for the close loop 8 (8 + 1) (82+ 48 + 5) + k, set 8 = jw and
solve

8 (8 + 1) (82 + 48 + 5) + k = a
Hence

(82 + 8) (82 + 48 + 5) + k = a
58 + 982+ 583+ 84+ k = a

Let 8 = jw

5jw - 9w2 - 5jw3 + w4+ k = a
Hence equating real parts and imaginary parts, we get

5w - 5w3 = a

-9w2 + w4+ k = a

From first equation, we get 1 - w2 = a or w = i: 1
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--

Hence the loci crosses the imaginary axis at :i:i
To find the gain k at these point, using the second equation, we get

-9i2 + i4 + k = 0

+9 + 1 = -k

hence gain is 10 (negative gain) where it cross the point I (0, i) I by symmetry, the gain will be 10

(positive gain) where it cross at poin~ (0, -i) I

-- - -
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/

--- 120



3.6. HW 6 CHAPTER 3. HWS

,

I

'I-

-
?o''t'$/2:~? -f-r/ ~ ~.~." ~s ~ ~'1sk ~J

~ _ -' 5
b- 2:""=- -' '

IN-€-~ ~"- + r \.,IV\-~fCA-s4..b~.d

w<e ~-\- c.L>~,j '--f> -p'\"'- ~ b-- ~ t- , r~
\))

"" ~ ~ &-,\,"""" .. 't t-r . · J

_ ' 1- t
L- ~ (

' I~

,) we. I"'''''-\- -h...o- ~ D --b!.v<-- ~ s", ..( - -. x %-

tfY\ n>-p + .n-.. 1"1,, f -\ I vJ<:,jk . ~ 5-..1
L' "'I"f , I

yto-W ~L[ <:(YI.'")\~~J:tT7~:

\20 -\- tK =- l~o -t ~ y;D

~ [~=-~O~J

~v' .:?dt:. r ~ p~jOj.) f.-1I
I

121



3.6. HW 6 CHAPTER 3. HWS

( "?;'rz \
IOK -1,51""J -f+lj

(-\,5-t-\ ~ -T~') ( -1.5+-' 3if3"' _\.5+\3rf -t-I I
V k /" l.I Z.. \ u z..

=1

( . ~J3 )lo \<. \-0, q -t-J 2::"

\\')-I"j S~) \_I.S-"\3~) (- .'5"'-'; -.,.~ ,

I

-(~

!CJ 1<-
<2-

-\.5 _ <1l~)
~

I ~

J

\0 \<.
1- -

I :2.2'5""- £>,1)

==1
\

lo!<

=> - _4-.5 -I := I

~._~--

~::=\
'1,S-

4.5-==\.,;)
Q.t5

)< -r,- S-r I

-r;S+/

0,455 -+- D .Lfq-

s-t~

"') ,
.s I ~-' L

-.----

0, Lf ~ T'L -=- 7( /<...

I 'i 5"' -tTz. ~,l/I"" -= s -r; 1<- -t-"1<-

LLf.> ~ ~},-

5~ 1~ -=:- . 1-;-J ~ rL( )~- :1{ 5 -T2.. =: . Y~ II -+ . I5)
L: l( S- ~'= _ _- . I S-~ :

/;'1; ~?h. ~~ ,.(-/')"-+.Y'j-7"L -= ,'-/;- (51"1.) T,/)- =::> .l/~-t-.\/r;-T2- _I.,>S-G--

~ h ( . '-I') - I.~ c;) = ' / 5 - . 'i S- ~ h:::' - CJ'~ - lIJ'
~~ -r, 00- ~ (t) ~ ill 5> c;,(/~~ 0 15 (~~S T I) 13 ""?

(~ S ;-1 I ----- 122



3.6. HW 6 CHAPTER 3. HWS

3.6.1.1 problem B 6.3

HW 1, MAE 170.
Problem B 6-1, Modern Control Engineering, 4th edition by Ogata
by Nasser Abbasi
UCI, Winter 2005.

Question
Plot the root loci for G (s) = k

s(s+1)(s2+4s+5)

Solution
The closed loop transfer function is

Gcl (s) =
G

1 +G
=

k
s(s+1)(s2+4s+5)

1 + k
s(s+1)(s2+4s+5)

=
k

s (s+ 1) (s2 + 4s+ 5) + k

Hence the system is

k
sÝs+1Þ s2+4s+5R(s) C(s)

­
+

k
sÝs+1Þ s2+4s+5 +kR(s) C(s)

step 1
Plot the open loop poles and zeros:
Poles are at s = 0; s = �1; and roots of (s2 + 4s+ 5) which is s = �4�

p
16�4�5
2

= �4�2i
2

= �2� i
There are no �nite zeros (there are however 4 zeros at 1)

xx

x

x

p1p2

p3

p4

step 2
Apply angle condition to �nd initial segments on real axis that could be part of the root loci.
We see that on the RHP, it is not possible to have loci, since then the sum of angles to a text point
will not add to 180� n360. For segments between p1 and p2, we will have a loci. for the segment to
the right of p2, it is not possible to have a loci. Hence we now get this plot: (I use bold line to show
where loci is)

123



3.6. HW 6 CHAPTER 3. HWS

xx

x

x

p1p2

p3

p4

step 3
Since loci starts at a pole and ends at a zero of the open loop poles/zeros, then we know loci must
start at p1 as well it must start at p2. Hence there must be a break away point between p1 and p2.
Now we �nd this break away point. For this we use the condition that dk

ds
= 0

The characteristic equation for the close loop is s (s+ 1) (s2 + 4s+ 5) + k = 0 hence
dk
ds
= d

ds
(s (s+ 1) (s2 + 4s+ 5)) = d

ds
(5s+ 9s2 + 5s3 + s4) = 5 + 18s + 15s2 + 4s3 = 0, Solution is:

[s = �1: 678 5� 0:602 78i] ; [s = �1: 678 5 + 0:602 78i] ; [s = �0:392 99]
Since we are looking for a solution on the real axis, and one that is between p1 and p2, hence only
possible solution is s = �0:392 99, I add this point to the diagram, now it looks as follows

xx

x

x

p1p2

p3

p4

­0.39

step 4
Now I need to �nd where the asymptotes lines cross at the real axis, and need to �nd angles that
asymptotes leave the real axis at.
to �nd where asymptotes meet at the real axis:
�a =

P
m zi�

P
n pi

n�m = 0�(0+1+(2�i)+(2+i))
4

= �(1+4)
4

= �1:25
To �nd angles, put a test point s very far away, and consider the sum of angles from the �nite poles
and zeros to that test point. we have here only 4 �nite poles and no �nite zeros. We know that sums
of these angles must be 180 degrees, so we write

4� = 180� n360
� = 45� n90

Hence the angles are 45; 45 + 90; 45 + 180; 45 + 270 or 45; 135; 225; 315 so now I get this diagram,
where I just added the asymptotes lines
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xx

x

x

p1p2

p3

p4

­0.39­1.25

45

step 5
Now I need to �nd angles of departures of loci from p3 and p4. To do this, put a test point s very
close to p3 and solve for the angle conditions. a little bit of geometry is needed here. We get

xx

x

x

p1p2

p3

p4

d1d2

d3

1

­1­2

J

Hence, for a test point �s�near p3, we get from the angle condition, the following

�1 + �2 + �3 + � = 180� n360
but
�3 = 90

0

�2 = 90
0 + tan�1 (1=1) = 1350

�1 = 90
0 + tan�1 (2=1) = 900 + 63:40 = 153:40

hence

�+ 90 + 135 + 153:4 = 1800 � n360
�+ 378: 4 = 1800 � n360

� = 1800 � n360� 378: 4
= �198: 4� n360

Since angles are positive anticlockwise, then this angle of -198.4 means this:
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­198.4

Hence, this is the angle of departures of p3. By symmetry we know the angle of departure of p4.
Hence the plot now looks like this:

xx

x

x

p1p2

p3

p4

­0.39­1.25

Note: at the break away point, -0.39, the loci is at 900 from the real axis.
step 6
Find where loci cross the j axis.
Looking at the charaterstic equation for the close loop s (s+ 1) (s2 + 4s+ 5) + k, set s = j! and
solve

s (s+ 1)
�
s2 + 4s+ 5

�
+ k = 0

Hence �
s2 + s

� �
s2 + 4s+ 5

�
+ k = 0

5s+ 9s2 + 5s3 + s4 + k = 0

Let s = j!

5j! � 9!2 � 5j!3 + !4 + k = 0
Hence equating real parts and imaginary parts, we get

5! � 5!3 = 0

�9!2 + !4 + k = 0

From �rst equation, we get 1� !2 = 0 or ! = �1
Hence the loci crosses the imaginary axis at �i
To �nd the gain k at these point, using the second equation, we get

126



3.6. HW 6 CHAPTER 3. HWS

�9i2 + i4 + k = 0

+9 + 1 = �k

hence gain is 10 (negative gain) where it cross the point (0; i) by symmetry, the gain will be 10

(positive gain) where it cross at point (0;�i)
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3.7 HW 7

Local contents
3.7.1 my solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
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3.7.1 my solution

------ --.......-
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U/;r;t.tr 2f;JO5

--
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close all;
clear all;

%problem B-8-3, by Nasser Abbasi

s=tf ( , s ' ) ;

sys=(1+s)/(1+2*s) ;
bode(sys);
title('Bode plot for (1+s)/(1+2 s) ');

sys=(1-s)/(1+2*s);
figure;
bode(sys);
title('Bode plot for (1-s)/(1+2 s) ');

i-

I:
JIE . ~

-'\J

eo.piatfcl'(1-t)(1+2,)

-- --

;-i"PJ1x(..
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close all;

clear all;

%problem 8-8-7, by Nasser Abbasi

s=tf ( , s ' ) ;

sys=(s+O.5)/(sA3+sA2+1);
bode(sys);
title('8ode plot for (s+O.5)/(sA3+sA2+1) ');

Eile ~dit ~ew
~"":~"'~-~T-=;:C~'_'':=:'':::~ ~ 'O~,..~

, ~'"X " ~~ < x."

.......

0\
-8 -225'-'
4)
«I

! -270
~

10

n

-30

-40
-135

-180

frequency (radlSec)

~
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3.7.1.1 problem B 8.3

close all; 
clear all; 
%problem B-8-3, by Nasser Abbasi 
 
s=tf('s'); 
sys=(1+s)/(1+2*s); 
bode(sys); 
title('Bode plot for (1+s)/(1+2 s)'); 
 
sys=(1-s)/(1+2*s); 
figure; 
bode(sys); 
title('Bode plot for (1-s)/(1+2 s)'); 
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3.8 HW 8

Local contents
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3.8.1 my solution
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3.8.2 key solution
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Exams
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4.1 midterm

4.1.1 midterm questions

Figure 4.1: questions
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