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Question 1 (25 lHarks ) 

(a) For the electric circuit given in Figure Q.l 

(i) Determine the state ~pace representation, [10] 

(ii) The transfer function G(s) v, (s) 
,hint G(s) G(s! A)-lB+D [10] 

IF­
l~(t) 

Figure Q.l 

(b) Given the following transfer function 
yes) 

R(s) 

5+2 d .­
( ) ( "etennme Its step 
5+3)(5+5 s+7) 

response. [5] 

Question 2 (25 Marks) 

(a) Ans\ver the following question 

(i) Discuss stability in digital systems [3] 

(ii) \Vhat causes an entire row of zeros to shov,r up in a Routh table [2] 

(b) Given the followil1£ transfer function G(s) = 1 .Sketch the Bode dia£ram of the 
. ~ 25-,-100 . ~ 

system [10] 

(c) Show that for a unit ramp function \vhere f(kT) kT the z-transfonn is ~...... [10], ~_D2 
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Question 3 (25 Mark.;;) 

(a) 	Define the following terms, Rise Time, I imc, Percentage overshoot for order 

system. [3] 

(b) 	Given the following transfer function G(s) = 2 225 , determine the following
5 +305+225 	 ~ 

(i) 	 Natural frequency [1] 
(ii) 	 Damping ratio [1] 
(i ii) 	 State the step response in relation with the damping ratio, (. [1] 

(iv) 	 Settling Time [1] 
(c) 	Given a feedback system whose open-loop transfer function is 

Where K is the feedback gain. Evaluate the system's close-loop behaviour using the 

root locus technique. 

(i) How many asymptotes are there in this system's root locus? What are the 

asymptotes angles? [2] 
(ii) Where is the asymptotes real-axis intercept? [2J 
(iii) Sketch the root locus based on the information from the previous 

questions. [6J 
NB: No need to annotate break-in/away points and imaginary intercepts, if 

there are any. 

(iv) 	 you had to recommend this system to a customer, what would you 

advise with respect to increasing the feedback gain K indefinitely? 

(d) 	Study the diagram below and answer the questions that follow. 

o~o~, o:B, :'O~ 
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Figure Q.2 

Is it possible to tune this system to achieve a damping ratio of '7 Explain your answer? [3J 

Is it possible to achieve the following settling time, Explain your answer 

(i) 	 Ts = J sec [I] 
(ii) 	 Ts 4 sec [1] 
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Question 4 (25 :\'1arks) 

(a) Given the following transfer function 

res) 5 

+ 75 + 10 
Find the state error for the following input functions 

(i) For Unit step 	 [3 ] 

(ii) Unit Ramp 

(b) Detem1ine the range of K to make the following system stable and is it possible to get 

state error of 5% with this of K 7. Determine the expected minimum 

state error for this system 	 [15] 
K(s + 20)

G(s) 
s(s + 2)(s + 3) 

(c) Determine the magnitude and phase angle expressions and hence sketch polar plot the 

following transfer function: [5] 

G(jw) 
(1 + jwT) 

Question 5 (25 Marks) 

(a) Given the following system draw the signal flow diagram 	 [5] 

1 
x -3 

-4 

y [0 1 O]x 

(b) 	Reduce the system shown in Figure Q.3 to a single transfer function using Mason's 

rule [10] 

R(s)R(s) + 

Figure Q.3 

(c) Verify your answer 111 (b) using the block reduction method. [10] 
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Table 1 

Impedlnc. Admtttance 
lis} = Y(sl = 

Component VoltalH:urrent Current-volta,. Volta,l-chlf'i!l V(sl//(sl t(ll/V(s) 

1'( ) _ Cdv(t)vet) = - i(T) dT It - -- vet) =--q(r) Cs 
C 0 dt C Cs-H- II' 

Capacitor 

1-YVv- v(t) = Ri(t) i(t) = .!.. v(t) vet) = Rdq(t) R -=G 
R dt RResistor 

I( ) _ L di(t) v(t) = L d 
2
q(t)~ vt - - i(t) = -If ~'(T)dT Ls ­

dt L 0 dt2 IsInductor 

Note: The following set of symbols and units is used throughout this book: v(t) = V (volts), i(t) = A (amps), 
q(t) = Q (coulombs), C = F (farads), R = 11 (ohms). G = U (mhos), L = H (henries), 

Table 2 

Force- Force- Impedance 
Component velocity displacement ZM(S) = F(s)/X(s) 

Spring 

~'''J 
f(l) 

f(t) = K I~ I'CT) dT f(l) = K X(I) K 

K 

Viscous damper 

~ 
,'(I) 

Ii t) 1(1) = f"v(l) 1(1) = f" dx(t) 
dt 

fv s 

M,,' , 

I 
- x(t) f (l) = Mdv(r)-­

dl 
1(t) = M d 

2 
x(t) 

d1 2 
Ms2 

@-f(t) 

Note: The following set of symbols and units is used throughout this book: f(l) = N 
(newtons). x(t) = m (meters), v(l) = m/s (meters/second). K = N/m (newtons/meter). 
f.., = N-s/m (newton-seconds/meter). M = kg (kilograms = newton-seconds2/meter). 
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Table 3 

Type 0 Type 1 Type 2 

Input 
Study-stat. 
error formula 

Static 
error 

constant Error 

Static 
error 

constant Error 

Static 
error 

constant Error 

Step, 
u(1) I +KI' 

K" = 
Constant + 

Kp = x 0 Kp :x; 0 

Ramp, 
Iu{f) K,. 

K,. '" 0 
K!, '"' 
Conslanl Ky 

K,. x 0 
• 

Parabola, 
I 
lru(t) 

1 

~ 
K" =0 Ku =0 Ku = 

COnstanl Ka 

Static Error Constants 

For a step input, u(t), 

e(x) eS\ep(X) = 
I + lim G(s)

,-0 

For a ramp input, fU(t), 


e(x) 

lim sG(s) 
J~O 

For a parabolic input, ~t2u(t). 

Position constant, Kp. where 

lim C(s)
,-0 

Velocity constant, Ky , where 

K, limsG(s)
$--0 

Acceleration constant. Ka. where 

K" lim s"C(s)
,1-0 

ret) -- LkT6(t - kT) 
k=O 

L
co 

kTe- kTS(s) ­
k=O 


e kTs = Z-k 
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