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MA3005/MA3705 - Control Theory, Teaching Plan,  Sem 1,  2025-26

Lecture Venue: LT1,  Tuesdays,          Time: 1:30 pm to 3:20 pm Tutorials

Lecture Lecture Dates
(Tuesdays) Lecture Topics Week 

No Tutorials

1 12th Aug 2025 Introduction to Systems and Laplace Transformation, Block Diagrams 1

2 19th  Aug Block Diagrams, Mathematical Modelling of Mechanical & Dynamic 
Systems 2 Tutorial 1  

3 26th Aug Mathematical Modelling of Mechanical & Dynamic Systems 3 Tutorial 2

4 2nd Sept 2025 Systems Response and Stability 4 Tutorial 3

5 9th Sept Systems Responses : First-Order and Second-Order Systems 5 Tutorial 4

6 16th Sept Basic Control Actions, Process Controllers 6 Tutorial 5

CA1 23rd Sept CA 1 – Quiz (20 % ),  23rd Sept , Tuesday, 2:00 pm to 3:00 pm , 
Venue –LT 1. Detailed arrangement will be announced at a later. 7 CA1
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MA3005   Control Theory 

The aims of this module are to:
• Introduce feedback systems and the concepts of block diagrams and 

        transfer functions and different types of controllers

• Introduce the concept of stability and performance criteria of feedback systems 

• Explain the concept of root locus and its application to classical control design 

• Introduce frequency response and Bode diagrams-based analysis and design techniques

Having successfully completed the module, you will be able to:

• determine the step transient response of a system

• determine the frequency response of a system

General transferable skills

• Mathematical skills 
• Graph plotting techniques, especially Bode diagrams 
• Measurement and instrumentation techniques  

Scope of the course

• Introductory course into control systems engineering
• Mainly concerned with “classical” control theory 
• Restricted to linear time invariant systems.



4





6

Basic element of a control-loop control system
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s = σ + 𝑗𝑗𝜔𝜔



13



14

1.

2.

Laplace Transform F (s)
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Spring mass damper system  (with an input)    Translational system

Inertial force = external forces

𝑀̈𝑀𝑀𝑀
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To factorise: 

Test : whether ( s+1) is a factor, subs s = -1 in the polynomial above,
and if result is 0, then ( s+1) is a factor  

𝑑𝑑
𝑑𝑑𝑑𝑑

𝑢𝑢
𝑣𝑣

  = v𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 − 𝑢𝑢 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

  / 𝑣𝑣2

−𝑏𝑏± 𝑏𝑏2−4𝑎𝑎𝑎𝑎
2𝑎𝑎

𝑐𝑐𝑐
(𝑠𝑠 + 3)

𝑐𝑐𝑐
(𝑠𝑠 + 4)

𝑐𝑐𝑐
(𝑠𝑠 + 1)+ +



X(s) [ s2 +3s + 2 ] + s -2 +3  =5/s

X(s) =   
5
𝑠𝑠−𝑠𝑠 −1

s2 +3s + 2

        
         =  



2

𝑑𝑑
𝑑𝑑𝑑𝑑

𝑢𝑢
𝑣𝑣

  = v𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 − 𝑢𝑢 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

  / 𝑣𝑣2

3
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3.

4.

-2t

R(s) C(s)

R(s) C(s)
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5.

a=5,  b=1

1         b              a
     s      (s+5)        (s+1)

b= 1/4  ,  a = -5/4
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7.
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8. 
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9. 
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6.

A  +  B = 1…………eq1
2A + B = 4 …………eq2

=
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Fig 7
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Another method of describing frequency response of



j

𝜔𝜔𝜔𝜔⋯

⋮
1



𝜔𝜔𝜔𝜔⋯

⋮
1



𝜔𝜔⋯

⋮
2

𝐺𝐺(𝑗𝑗𝜔𝜔 = 𝜔𝜔 2 + 4)

𝜎𝜎

𝑗𝑗𝜔𝜔

𝜔𝜔⋯

⋮
10

𝜎𝜎

𝑗𝑗𝜔𝜔

∡ G j𝜔𝜔 =  tan−1
𝜔𝜔
2

∡ G j𝜔𝜔 =  tan−1
𝜔𝜔
10

𝐺𝐺(𝑗𝑗𝜔𝜔 = 𝜔𝜔 2 + 100)
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Cartesian 
coordinates

G(j𝜔𝜔)

Polar  
coordinates



Sketches of Polar plots  of different 

• system type number, 

• order of the system 

• rank of the system

System type 0

System type 1

System type 2



System Type 
1

System Type 0 System Type 
2









6. 

7.



Answer for Q4.

Answers

20 log (1 / 0.4) =  20 log 2.5 = 8 db

20 log (1 / 0.6)= 20 log 1.666  = 4.4 db



5. 





2 :  Block Diagrams

54



Block Diagrams
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Control Signal

Transfer 
Function

Objectives

• Understand the relationship between control signals and transfer functions

• Simplify the block diagrams

• Establish the relationship between the input and output control signals



General Rules
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1. Multiply

2. Summation

𝐺𝐺1 𝐺𝐺2 𝐺𝐺1𝐺𝐺2

𝐺𝐺1𝐺𝐺2𝐴𝐴 𝐴𝐴𝐺𝐺1𝐺𝐺2
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3. Pre-Multiply (G) -> Post-Multiply (G)  

𝐺𝐺

𝐻𝐻

𝐺𝐺

𝐻𝐻/G

A

AH

AG

AG

AH

A

G
A

B

G
A

B
G

A+B G(A+B) G(A+B)AG

BG

General Rules
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4. Post-Multiply (G) -> Pre-Multiply (G)  

𝐺𝐺

𝐻𝐻

𝐺𝐺

𝐺𝐺𝐺𝐺

A AG

AGH

A

AGH

AG

G
A

B

1/G

G
A

B

AG

B/G
AG+B

A+B/G AG+B

General Rules



General Rules
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5. Closed-loop

G(s)

H(s)

R(s) C(s)E(s)

CH

R – CH E(G)

EG = C
(R – CH)G = C,

RG = C(1+HG)

𝐶𝐶
𝑅𝑅

=
𝐺𝐺

1 + 𝐺𝐺𝐺𝐺



General Rules
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5. Closed-loop

G(s)

H(s)

R(s) C(s)E(s)

CH

R – CH E(G)

EG = C
(R – CH)G = C, RG = C(1+HG)

𝐶𝐶
𝑅𝑅

=
𝐺𝐺

1 + 𝐺𝐺𝐺𝐺
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5. Closed-loop

G(s)

H(s)

R(s) C(s)E(s)

CH

R – CH E(G)

𝐺𝐺
1 + 𝐺𝐺𝐺𝐺

R(s) C(s)

General Rules
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Example I

B

A

C

+X Y

Aim: Establish the relationship between Y(s) and X(s)  

X

X

X

AX

BX

CX

𝑌𝑌 = 𝐴𝐴𝐴𝐴 + 𝐵𝐵𝐵𝐵 + 𝐶𝐶𝐶𝐶
𝑌𝑌 = 𝐴𝐴 + 𝐵𝐵 + 𝐶𝐶 𝑋𝑋
𝑌𝑌
𝑋𝑋

= 𝐴𝐴 + 𝐵𝐵 + 𝐶𝐶

𝐴𝐴 + 𝐵𝐵 + 𝐶𝐶
X(s) Y(s)



R + -

H1

G2G1
+-

H2

G3
C
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Example II -a

63

Simplify the system and find C/R 

G1
+-

R

H1

G2G1
+- +-

𝐻𝐻2
𝐺𝐺1  

G3
C+- +-
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Example II -b
Simplify the system and find C/R 

R

H1

G2G1
+- +-

𝐻𝐻2
𝐺𝐺1  

G3
C+- +-

R

H1

G2G1
+- + -

𝐻𝐻2
𝐺𝐺1  

G3
C
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Example II - c
Simplify the system and find C/R 

R

H1

G2G1
+- +-

𝐻𝐻2
𝐺𝐺1  

G3
C

R +-
𝐺𝐺1𝐺𝐺2

1+𝐺𝐺1𝐺𝐺2𝐻𝐻1 G3
C

𝐻𝐻2
𝐺𝐺1

G

H

𝐶𝐶
𝑅𝑅

=
𝐺𝐺

1 + 𝐺𝐺𝐺𝐺



6666

Example III - a
Simplify the system and find C/R 

R
+- 𝐺𝐺1 G2

𝐻𝐻1

+- 𝐺𝐺3 C

𝐻𝐻2

+- G4G4

R
+- 𝐺𝐺1 G2

𝐻𝐻1

+- 𝐺𝐺3 C

𝐻𝐻2

+- G4

1
𝐺𝐺4
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Example III - b 
Simplify the system and find C/R 

R +- 𝐺𝐺1 G2

𝐻𝐻1

+- 𝐺𝐺3
C

𝐻𝐻2

+- G4

1
𝐺𝐺4

R +- G2

𝐻𝐻1

C𝐺𝐺3𝐺𝐺4
1 + 𝐺𝐺3𝐺𝐺4𝐻𝐻2

𝐺𝐺1 +-

1
𝐺𝐺4

𝐺𝐺1 +
-
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Example III - c

68

Simplify the system and find C/R 

R +- G2

𝐻𝐻1
C

𝐺𝐺3𝐺𝐺4
1 + 𝐺𝐺3𝐺𝐺4𝐻𝐻2

𝐺𝐺1 +-

1
𝐺𝐺4

𝐺𝐺1 +
-

+- G2

𝐻𝐻1
C

𝐺𝐺3𝐺𝐺4
1 + 𝐺𝐺3𝐺𝐺4𝐻𝐻2

𝐺𝐺1+-

1
𝐺𝐺1𝐺𝐺4

R +-+-
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Example III - d
Simplify the system and find C/R 

R +- G2

𝐻𝐻1
C

𝐺𝐺3𝐺𝐺4
1 + 𝐺𝐺3𝐺𝐺4𝐻𝐻2

𝐺𝐺1+-

1
𝐺𝐺1𝐺𝐺4

+-+-

R +- G2

𝐻𝐻1
C

𝐺𝐺3𝐺𝐺4
1 + 𝐺𝐺3𝐺𝐺4𝐻𝐻2

𝐺𝐺1+ -

1
𝐺𝐺1𝐺𝐺4
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Example III - e
Simplify the system and find C/R 

R +- G2

𝐻𝐻1
C

𝐺𝐺3𝐺𝐺4
1 + 𝐺𝐺3𝐺𝐺4𝐻𝐻2

𝐺𝐺1+-

1
𝐺𝐺1𝐺𝐺4

R
C

𝐺𝐺3𝐺𝐺4
1 + 𝐺𝐺3𝐺𝐺4𝐻𝐻2

𝐺𝐺1𝐺𝐺2
1 + 𝐺𝐺1𝐺𝐺2𝐻𝐻1

+ -

1
𝐺𝐺1𝐺𝐺4

G

H

𝐶𝐶
𝑅𝑅

=
𝐺𝐺

1 + 𝐺𝐺𝐺𝐺
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9.
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Problem1.

Problem 2.

G1G4H1
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Which is equivalent to
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𝐶𝐶
𝑅𝑅

K 𝐾𝐾𝐾
1+𝐾𝐾𝐾

 =



Transfer function of output to input :  𝑌𝑌
𝑋𝑋





𝐶𝐶
𝑅𝑅 =

2 42 3

1/4

5
CR

16/5 35 × × = 48

+

−



Summary

85

 Analysis of block diagrams

 Manipulate control signals and transfer functions

 Establish basic rules

 Simplify the block diagram

 Concepts are demonstrated via examples
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