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Question 1 (20 points)
For the shown block diagram, assuming k; = 1 and k, = 0, find:
a. The closed-loop transfer function (10 points).
b. The steady-state error value if the input is a unit step function (10 points)
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Question 2 (25 points)
_ ,—ST
For the sampled block diagram below, G, (s) = e , determine:

a. The closed-loop transfer function % [Hint: assume zero disturbance] (5 points)

b. The output-to-disturbance transfer function % [Hint: Assume zero input] (5 points)
c. The unit-step response assuming K = 20,Kp, = 5,K; = 1.25,T = 0.005 (5 points)

The stability constraints on K, and K; . Plot on a K, — K; plane (10 points)
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Question 3 (25 points)

For the RLC circuit shown, the system equations are as follows:

Vi = RI
V, = LI

v —1f1dt
c7¢
V=Vy+V, +V, VC

RN
If the system input is V and the outputs are V; and V: C
a. Find the state space model of the system (10 points)
b. Find the closed-loop transfer function(s) of the system (5 points)
c. Determine if the system is controllable (5 points)
d. Determine if the system is observable (5 points)

Question 4 (45 points)
Design the following filters:
a. 2" order Binomial low-pass filter with cut-off frequency of 50 r/s (5 points)
b. 3" order Butterworth high-pass filter with cut-off frequency of 50 r/s (10 points)
c. 3" order Butterworth digital high-pass filter with cut-off frequency of 50 /s and
sampling frequency of 60Hz. Use the bilinear transformation method. (10 points)
d. 4% order Bessel band-stop filter with cut-off frequency of 50 r/s and bandwidth of 10 r/s
(20 points)

Good Luck
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Stability of Discrete Systems

First Order (n=1): F(z) =a;z+2a,=0, a;>0
i U S

Stability constraints: | a I1

Second Order (n=2): F(z) = a,z2+ 2,z +a,=0,2,>0

Stability constraints: ay+ a;+ a, >0
ay-a+a,>0
|a° I< a

Third Order (n=3): F(z) = a;23 + 8,22 + 3,z + 2, =0, 2,50
Stability constraints: a3+ a,+a;+a,> 0
a3-a2+a1-ao>0

|a°| <a3
la2- al > laa, - a;a5

State Space Model

x = Ax + Bu
y=Cx+Du
Y(s) .
W—C(SI—A) B+ D

Controllability condition:

Rank[B AB A2%B A" 1Bl =n

Observability condition:
C

CA
Rank| CA? |=n

CA;L—l

Filter Design

Binomial LPF:
G(s) =
Butterworth LPF:
G(s) =

n
c

(s+ w )"

n
c

[Mi=5(s — si0)

j 2k+1
Sk = wCe%( + n )
Bessel LPF:

6,,(0)

o ()
.

0,(x) = z a,xk

k=0
0,(0) = li"(}Hn(X)
X—
B (2n —k)!
©2nkkl(n —k)!
HPF, BPF, BSF:
1
Gupr(s) = Gppr <;)
c _c s? 4+ w?
spr(S) = GLpF Bs

s? + w?
Gpsr () = Gupr Bs

G(s) =

Qg

We = WW,,B = (012 - a’1)

Bilinear Transformation Method:
G(2) = G()| -1

Z+1
(,L)dT
We = tan (T)
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Laplace and Z-Transform
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