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1. (20%) A circuit diagram is shown below. The input is v;, and the output is v,.
Answer the following questions.

(@) (5%) Write the system of differential equations where i, and iz are independent
variables.
(b) (5%) Derive the state-space representation with i, and is. _
(©) (5%) If the initial conditions are zero, find the transfer function of the output.
(d) (5%) If v; is a unit step input, evaluate the response of the output in the time
n

8 mE_ at ; =2
domain: Hint: L{e?" sin bt} e iD?
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2. (20%) The block diagram of a control system is shown below. Answer the
following questions.

K (=
R(s) s 1+ % [3] + 1| e
—-l-ho—>2s+1 ~O s+2 A s+5 -
|1
s
U
R(s) C(s)
—O—(Ge(9) >
U
R(s) C(s)
—_— T(s) e
U
R(s) C(s)
K [—>Teq(s) —r—>

(@ (5%) Derive the transfer function G,(s) ina unity feedback structure.

(b) (5%) Find the closed-loop transfer function T(s). |

(¢) (5%) Derive the equivalent open-loop transfer function Teq(s) treating K as the
gain.

(d) (5%) Sketch the root locus.
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3. (10%) A closed-loop transfer function is given as below, determine the
coefficients k; and k, -if the overshoot is 5% and the settling time is 0.5
seconds when applying a unit-step input.

9

C(s) =
() kis?+ (ky +3)s+9

4. (5%) Consider the following equation, where s = o + jw, as j = \/(—1), thus
s is a complex number:

F(s) = f oof(t)e‘stalt
0

Please answer if the following statement is either true or false.

(@) This equation is called a heavy side (or one sided) Laplace transform

(b) Standard Laplace Transform has an integral range from ) ”

==00

(c) This equation is the same as L{f (t)u(t)}, where u(t) = {(1)’15 z g, 1S a unit step
function

(d) If the above equation’s variable s = jw , it can be called a Fourier transform as
well.

(e) If F(s) =1/s, then f(t) =u(t) for standard Laplace transform, but in the
above equation, f(t) = 1.
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5.  (25%) A matrix is given below. Please answer the following question.
_n o
a=[p
(a) (5%) Please find the eigen value of the matrix.
®) (10%) Pléase show that the eigen vectors are e; = k; [(1)], e; =k, [(1)], and the
range space of matrix A is an Identity Matrix.

2 3
(c) (10%)Find e4t =1 + At +'A2% + Aafs_! P

6. (20%) Simplify the following block diagram, find the equivalent form transfer

function G(s) = %,- and find the following answers.

R(s)
. - S Gl o G2

Gs

(a) (5%) Whatis G(s) interms of G,,G,, and G3?-
' = = S S o Ti -
(b) (5%) If G(s) = 5 G,(s) = P and G3(s) = = what is Ll_l‘)% G(s) =?

(¢) (10%) Considering closing the above system G (s), with a unity feedback loop,

as shown here:
R(S);"@P > G(s) C(3)>

What is the steady state error for this feedback system, provided with a unit step

input? Hint: r(t) = u(t), R(s) = § and e() = limsE(s)
s



