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1. Consider a linear system as follows:

B
X= x+ u
-3 -5 1
y= [l O]x
a. Design a controller u=-Kx to yield a 10% overshoot and a settling time of 0.5 second,
i.e., s>+165+183.1=0. (5%)
b. Evaluate the steady-state errors for a unit step input, a ramp input and a parabolic input.
(10%)
c. Repeat the design of (a) by designing a proportional integral controller, and evaluate the
steady-state errors for a unit step input, a ramp input and a parabolic input. (10%)

2. Consider the following linear time invariant system
x=Ax+Bu
y=Cx

a. Derive the steady-state error of this system for a unit step input 2=1. (10%)

b. Prove the separation principle based on above linear time invariant system, and describe the
physical meaning of this principle. (10%)

3. Consider the following HIV model

£:S~m’t’"—(I—zfl),li’ft'"v
dt
VL (—u)pTv—
dt
dv *
—=(1-u,)kT —cv
C (1-u,)

where u; and u; are confrol inputs and s, & £ 4 kand ¢ are constant parameters.

a. Linearize this HIV model with respect to an operation point: (T, T,", v,) and (ui=u2=0).
(15%)

b. If5=10, @=0.02, f=2.4x10"% =024, k=100 and c¢=2.4, and define the system’s output y=v,
express the linearized 1TV model as a standard state space form. (5%)
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4., Please verify that how many roots of the following polynomial are in the right-half S plane,
in the left-half S plane, and on the jw-axis: (10%)

p(s) =5"+65° + 55> +8s+10
5. Find out the range of K which stabilizes the system as shown in Figure .. (15%)

R(s) T C(s)

s=1
s* 42541

6. Describe the transfer function of the Bode plot shown as below (4%),and calculate Gain
Margin (2%), Phase Margin (2%), and Bandwidth (2%)

Bode Diagram
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