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Solve as much as you can questions in two pages  

Q1                                                                                              (20marks) 

a- Write a mathematical model represents the physical systems shown in Fig.1, 

and Fig.2? 

 

b- Find the unity feedback control system represents the system shown in Fig.1 as 

R=1Ω, L= (1/6)H, C=(1/6)F using block reduction method?  

 

 

c- Write the most important features of   good control system? 

 

d-  Write the most important advantages and disadvantages of the open loop and 

the closed loop control systems? 

 

                  

               Fig.1                           Fig.2                                       Fig.3                                       

         

Q2                                                                                              (20 marks) 

Consider a system shown in Fig. 3 H s = 1,    G(s) =
 K

 S S+2  
  

a- Find the steady state static error coefficients?  

b- Find the gain K such that the steady state error =0.02? 



c- Find and draw the unit step response as K=4? 

d- Find the frequency response and 𝐌𝐫 𝐚𝐧𝐝 𝛚𝐫 as K=4 and r(t)=5 sin 𝜔𝑡 ? 

P.T.O 

 

Q3                                                                                              (25 marks) 

  Consider a system shown in Fig. 3 

H s = 1,    G(s) =
 9

 S S + 3  
 

a- Prove that the gain margin=∞ db at ∞rad/sec. and the phase margin= 51.8 

degrees at 2.36 rad/sec.? 

b- Sketch the polar plot as K=9?  

c- Sketch the Bode plot as K=9?  

d- Sketch the Nichols plot as K=9? 

e- Write short MATLAB program to solve a, b, c, and d?  

 

Q4                                                                                              (10 marks) 

  Consider a system shown in Fig.3 

H s = 1, G(s) =
 K

 S(S + 1.5)(S + 2.5)
 

a- Sketch the complete root locus for positive values of K? 

b- Using the root locus plot to find K as a damping ratio =0.7? 

c- Write short MATLAB program to solve a?  

 

 

 

 

 



Answer 

1- Write a mathematical model represents the physical systems shown in 

Fig.1, and Fig.2? 

 The algebraic sum of all voltages around a closed loop in an electrical circuit at any 

given instant  is zero 

 

 

 𝑽𝒍𝒐𝒐𝒑 = 𝟎 𝒕𝒉𝒆𝒏  𝒆𝒊 = 𝑹𝒊 + 𝑳
𝒅𝒊

𝒅𝒕

𝒏

𝟏

+ 𝒆𝒐 ,    𝒆𝒐 =
 𝒊𝒅𝒕

𝑪
  

      
 

Newton's laws for mechanical systems: 

𝒎𝒂 =   𝑭 = 𝐦𝑿 = 𝑭 − 𝒃𝑿 + 𝑲𝑿,    𝑻 = 𝐉𝜭  = 𝑻 − 𝒃𝜭 − 𝑲𝜭   
               

          

Where:     m=mass in Kg, a=acceleration in m/sec
2
, F=force in newtons 

 

b-Find the unity feedback control system represents the system shown in Fig.1 as 

R=1Ω, L= (1/6)H, C=(1/6)F using block reduction method? 

𝑬𝒐 𝒔 

𝑬𝒊 𝒔 
=

𝑮  𝒔 

𝟏 + 𝑮  𝒔 𝑯 𝒔    
=

𝟑𝟔

𝑺𝟐 + 𝟔𝑺 + 𝟑𝟔
  

𝒕𝒉𝒆𝒏𝑮  𝒔 =
𝟑𝟔

𝑺 𝑺 + 𝟔 
, H s = 1 

  



        𝑮 𝒔 =
𝟏

𝑳𝑪 

𝑺(𝑺+𝑹
𝑳 )

=
𝟑𝟔

𝑺(𝑺+𝟔)
 

c-Write the most important features of   good control system? 

1-simple construction and operation             2-fast response (speed)      3-less cost   

4- large accuracy (less error)                         5-stable 

d-Write the most important advantages and disadvantages of the open loop and 

the closed loop control systems? 

Open loop control system 

Advantages of open loop disadvantages of open loop 

1-simple construction 1-disturbances cause errors 

2- ease of maintenance 2-changes in calibration cause errors 

3-less expensive 3-recalibration is necessary  

4-no stability problem  

5-convenient when output is hard to 

measured or economically not feasible 

 

Closed loop control system 

Disadvantages of closed loop  advantages of closed loop 

1-complex construction 1-disturbances do not cause errors 

2- stability may be a problem 2- has less errors 

3-more expensive 3-recalibration is not  necessary  

 4-the ability to adjust the response 

Q2                                                                                              (20 marks) 

Consider a system shown in Fig. 3 H s = 1,    G(s) =
 K

 S S+2  
  

a- Find the steady state static error coefficients? 

 Kp = lim0 G S = lim
0

 K

 S S+2  
=

 K

 (0) 0+2  
= ∞  



Kv = lim0 SG S = lim
0

 K

  S+2  
=

 K

  0+2  
= 0.5𝐾  

Ka = lim0 S2G S = lim
0

S K

  S+2  
=0 

b- Find the gain K such that the ramp steady state error =0.02? 

 ess  t = 1/Kv =
 1

 0.5𝐾 
= 0.02, 𝐾 =100  

Routh  test as K=100,  system is stable 

c- Find and draw the unit step response as K=4? H s = 1,    G(s) =
 K

 S S+2  
 

Step response of a second order system R(S)=1/s 

C(S) =closed loop T.F(S)*R(S) = 
𝜔𝑛

2𝑅 𝑆 

𝑆( 𝑆2+2𝜂𝜔𝑛𝑆+𝜔𝑛
2)

=
4

 𝑆(𝑆2+2𝑆+4)
 

=
𝑎

 𝑆
+

𝑏𝑠+𝑑

(𝑆2+2𝑆+4)
 𝑝𝑎𝑟𝑡𝑖𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛  , Type equation here. 

 C(t)= inverse Laplace of the product of  closed loop t.f.(S) and  R(S)=1/s  with zero initial 

conditions   C(t)= L
-1

[(C(S)]=L
-1

[closed loop t.f.(S)*R(S)] with zero initial conditions] 

𝜂 = 0.5, 𝜔𝑛 =
2𝑟𝑎𝑑

𝑠𝑒𝑐
.  𝜔𝑑 =  𝜔𝑛 1 − 𝜂2 = 1.732

𝑟𝑎𝑑

𝑠𝑒𝑐
 , 𝑐𝑜𝑠−10.5 = 𝑝𝑖/3   

𝐶 𝑡 = 1 −
𝑒−𝜂  𝜔𝑛𝑡

 1 − 𝜂2

sin( 𝜔𝑑𝑡 + 𝑐𝑜𝑠−1𝜂) = 1 − 1.155𝑒−𝑡sin(1.732𝑡 + 𝑝𝑖/3)  

𝑀𝑝=𝑒

−
𝜂𝜋

  1−𝜂2

= 0.163, 𝑡𝑟 =
𝜋 − 𝑐𝑜𝑠−1𝜂

 𝜔𝑑
=

𝜋 −
𝑝𝑖
3

1.732
= 1.21𝑠𝑒𝑐, 

 𝑡𝑝 =
𝜋

 𝜔𝑑
= 1.81𝑠𝑒𝑐. , 𝑡𝑠 = 4𝑇 =

4

 𝜂𝜔𝑛
= 4𝑠𝑒𝑐. 



 

d- Find the frequency response and 𝐌𝐫 𝐚𝐧𝐝 𝛚𝐫 as K=4 and r(t)=5 sin 𝜔𝑡 ? 

𝝎𝒓 = 𝝎𝒏 𝟏 − 𝟐𝜻𝟐 = 𝟐 𝟏 − 𝟐 𝟎. 𝟓 𝟐  =
1.414𝑟𝑎𝑑

𝑠𝑒𝑐
. 

𝑴𝒓 =  
𝟏

𝟐𝜻  𝟏 − 𝜻𝟐
 =

𝟏

𝟐(𝟎. 𝟓)  𝟏 − (𝟎. 𝟓)𝟐
= 1.155 

-Steps to find frequency Response: 

1-the closed loop transfer function =T(s)=C(S)/R(S) =  

C(S) / R(S) =
G s 

  1+𝐺 𝑆 𝐻 𝑆 
=

𝜔𝑛
2  

  𝑆2+2𝜂𝜔𝑛𝑆+𝜔𝑛
2

=
4 

  𝑆2+2𝑆+4
, ωn =

2rad     

sec  
ζ = 0.5 

2-the closed loop frequency transfer function = 

T (jω)=C(jω)/R(jω) =  
4

  (𝐣𝛚)2+2 𝐣𝛚 +4
  =  M∟Φ=Re+j imag 

    𝑴 =  
𝟒

  (𝟒− 𝛚𝟐)
𝟐

+𝟒𝛚𝟐

    , 𝚽 = − 𝐭𝐚𝐧−𝟏[𝟐𝝎 /(𝟒 − 𝛚𝟐)]        
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3-As the input =𝑟(𝑡) = 5𝑠𝑖𝑛𝜔𝑡  then  

the response = 𝐶 𝑡 = 5𝑀𝑠𝑖𝑛 𝜔𝑡 + 𝛷  

=  
𝟐𝟎

  (𝟒− 𝛚𝟐)
𝟐

+𝟒𝛚𝟐

 sin[𝜔𝑡 − 𝐭𝐚𝐧−𝟏[𝟐𝝎 /(𝟒 − 𝛚𝟐)]  

Q3                                                                                              (25 marks) 

  Consider a system shown in Fig. 3 

H s = 1,    G(s) =
 9

 S S + 3  
 

a- Prove that the gain margin=∞ db at ∞rad/sec. and the phase margin= 51.8 

degrees at 2.36 rad/sec.? 

G(jω)H(jω)=
𝟗

𝐣𝛚  𝐣𝛚+𝟑  
= MejΦ = 𝑀∟𝛷 =Re+j imag 

𝟗

𝐣𝛚  𝐣𝛚 + 𝟑  
=

𝟗

−𝛚𝟐 + 𝐣𝟑𝛚
=

𝟗 −𝛚𝟐 − 𝐣𝟑𝛚 

 𝛚𝟒 + 𝟗𝛚𝟐 
=

−𝟗 

 𝛚𝟐 + 𝟗 
−

𝟐𝟕𝐣𝛚 

 𝛚𝟒 + 𝟗𝛚𝟐 
 

𝐑𝐞𝐚𝐥 =
−𝟗 

 𝛚𝟐 + 𝟗 
≈ −1 

 𝑴 =  
𝟗

𝛚  𝟗+𝛚𝟐
    , 𝚽 = −𝟗𝟎 − 𝐭𝐚𝐧−𝟏(𝝎 /𝟑)]      

 𝑴𝛚𝐠
= 

𝟗

𝛚𝐠  𝟗 + 𝛚𝐠
𝟐

= 1 , 𝛚𝐠 = 𝟐. 𝟑𝟔𝐫𝐚𝐝/𝐬𝐞𝐜 

𝑴𝛚𝐩
=  

𝟗

𝛚𝐩  𝟗+𝛚𝐩
𝟐

= 𝟎      Gm=20log(1/0)= ∞db 

𝚽𝛚𝐩
= − 𝐭𝐚𝐧−𝟏(𝛚𝐩) − 𝐭𝐚𝐧−𝟏(𝛚𝐩 /𝟑) = −180 deg. 𝛚𝐩 =

∞𝑟𝑎𝑑

𝑠𝑒𝑐
.         

𝚽𝛚𝐠
= −𝟗𝟎 − 𝐭𝐚𝐧−𝟏(𝛚𝐠 /𝟑)] = −𝟗𝟎 − 𝟑𝟖 = − 𝟏𝟐𝟖 deg.        

𝛾𝑚 = ∠G j 𝜔𝑔 H j 𝜔𝑔 + 180 deg. = 180 − 128 = 51.8𝑑𝑒𝑔.  



  open loop TF=G(s) H(s)= G(S) H(S) =9/[S(S+3)]=9/[S
2
+3S+0] 

Find the table 

ω 0 0.1 1 2.36 3 5 10 ∞ 

Ф -90 -92 -108.4 -128 -135  -149 -163.3 -180 

M ∞ 30 2.85 1 0.70 0.3 0.09 0 

20logM    29.50 9.1 0  -3.1 -10.21 -21.31   
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Prog.     >>n=[9];   d=[1 3 0];   

 >> nyquist(n,d)       >> margin(n,d)       >> nichols(n,d)   

 

Q4                                                                                              (10 marks) 

  Consider a system shown in Fig.3 

H s = 1, G(s) =
 K

 S(S + 1.5)(S + 2.5)
 

b- Sketch the complete root locus for positive values of K? 

c- Using the root locus plot to find K as a damping ratio =0.7? 

d- Write short MATLAB program to solve a?  

Root locus: 

 1-the root locus is symmetrical about the real axis in the S-plane  

 2-the open loop TF=G(s) H(s)= G(S) H(S)  =K/[S(S+2.5)(S+1.5)]=K/[S
3
+4S

2
+3.75S] 

3-the root locus starts at the pole and ends at the zero or infinity 

4-number of root loci= n=number of poles of the open loop TF =3 at [-1.5,-2.5,0] 

5-number of zeros= m=0     

6-number of asymptotes = n-m=3-0=3 

8-center of gravity = 𝐴 =
 𝑝𝑜𝑙𝑒𝑠 − 𝑧𝑜𝑙𝑒𝑠

𝑛−𝑚
=

−1−2−3

3
= −2point of intersection of 

asymptotes with real axis= 

9-angles of asymptotes are = Ө =
±180(2𝑅+1)

𝑛−𝑚
= ±60,±180  

10- Points of crossing the imaginary axis as Routh test 

Charct.equa=1+G(S)H(S)=0= S
3
+6S

2
+11s+6+K 

15 ≥ K ,K≥0  then 0≤K≤15,Kc=15 

S
3
+4S

2
+3.75S+K=0, S=jω 

3.75 1 S
3

 

K 4 S
2

 

  [15-K]/ 4 S 



ω= 3.75  =1.94 rad/sec  K S
0

 

11- break points (break away or break in)  at  

−
𝑑𝐾

𝑑𝑆
= 0 =

𝑑

𝑑𝑆
 

1

𝐺 𝑆 𝐻 𝑆 
 =

𝑑

𝑑𝑆
 S3 + 4S2 + 3.75S = 3S2  + 8s + 3.75 = 0   

S=-2.1 refused, S=-0.6 is a break- away point 

12-break angles at  [±180(2R+1)/r] where r=number of branches(poles for break 

away or zeros for break in)  R=0,1,----- break angles at  [±180]/2=±90 

13-there is no angle of departure (complex poles)   

14- there is no angle of arrival (complex zeros)  

15-sketch the root loci as  

16- the damping factor or coefficient  ζ is straight line with slope Ө= cos−1𝛇 

 with respect to the negative real axis in the S-plane. Ө= cos−1 0.7 =46  deg. at the 

test point (intersection point) Sd=-1.13±j1.13 

angle condition =  [Ө𝑧𝑒𝑟𝑜𝑠 − Ө𝑝𝑜𝑙𝑒𝑠

n=3

n=1

] = ±180 2R + 1 = 90 + 54 + 36 = 180 deg 

magnitude condition =  
 poles 

 zeros 
= 𝐾 = − −∗ − −∗ −−= 1.7

n=3

n=1

 

 𝑜𝑝𝑒𝑛 𝑙𝑜𝑜𝑝 𝑝𝑜𝑙𝑒𝑠 =

n=3

n=1

 𝑐𝑙𝑜𝑠𝑒𝑑 𝑙𝑜𝑜𝑝 𝑝𝑜𝑙𝑒𝑠 =

n=3

n=1

constant  as n − m ≥ 2  

 𝑜𝑝𝑒𝑛 𝑙𝑜𝑜𝑝 𝑝𝑜𝑙𝑒𝑠 = −1.5 − 2.5 − 0 = −4 =

n=3

n=1

 𝑐𝑙𝑜𝑠𝑒𝑑 𝑙𝑜𝑜𝑝 𝑝𝑜𝑙𝑒𝑠 =

n=3

n=1

2 −0.5 ± j0.5

+ p 

then p = −3. i. e. closed loop poles are [−0.5 ± j0.5,−3 ] 



 

 

19- To find analytically closed loop poles and K as 

 (S
2
+2 ζ ωn S+ ωn

2
)(S+a)=characteristic equa. for  a third order syst. 

Solve          1+G(S)H(S)=0= S
3
+4S

2
+3.75S+K=(S

2
+1.4 ωn S+ ωn

2
)(S+a) 

                                        = S
3
+(1.4 ωn +a)S2

+(1.4 ωn a+ ωn
2
)S+ ωn

2
 a 

1.4 ωn +a =6 ,,,,    1.4 ωn a+ ωn
2
=11  ,,,,    ωn

2
 a=k+6  

Prog.     >>n=[1];d=[1 4 3.75 0];   rlocus(n,d),  grid 

 

Root Locus

Real Axis (seconds-1)

Im
a
g
in

a
ry

 A
x
is

 (
s
e
c
o
n
d
s

-1
)

-10 -8 -6 -4 -2 0 2 4
-6

-4

-2

0

2

4

6

System: sys

Gain: 1.03

Pole: -0.607 - 1.34e-08i

Damping: 1

Overshoot (%): 0

Frequency (rad/s): 0.607

System: sys

Gain: 15.3

Pole: 0.0082 + 1.95i

Damping: -0.0042

Overshoot (%): 101

Frequency (rad/s): 1.95

System: sys

Gain: 1.69

Pole: -0.532 + 0.532i

Damping: 0.708

Overshoot (%): 4.3

Frequency (rad/s): 0.752
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