EE422G Homework #14(12 points)

1. Linear Algebra:
-1 0 O
a. Find the determinantoA=| 1 3 O

0O 1 -4

3 0 1 0 1 3
det(A) = —1lde —0Lde +0Lde =12
1 -4 0 -4 01

b. Find the inverse of A.

-12 0 O
A_l=1—12 4 4 O
1 1 -3

2. (2 points) Identify the state matrices A, B, C, D AlWi2 transfer function H(s) for
the following set of equations

X, = —4x +3x,+6uU
X, = =X ~—7X,—-4u
y = 5x-3x,+2u

A:(:j _37j B:(_ij c=( -3 D=2

H(s)=C(s - A)*B+D _
-6 - )KS ‘3_(:411 _37ﬂ (_64%2
o 20

_ 1 (5 -3 s+7 3 )\ 6 +2
(s+4)(s+7)+3 -1 s+4)\-4

25?2 +64s+278
?+11s+31




3. Obtain a state model for the followings:
s+1
a. H(s) " Frer3
We will use the approach introduced during the lecture.diinension of the
state vector is 2 as the degree of the denominatorquoighis 2. Since the
leading coefficient of the denominator is already 1, @edto normalize. We
can proceed to the state equations directly:
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Define the state  ;xvoltage across the capacitor C
Xo=Voltage across the capacitor C
Then, the current across the capacitor@ =C X,

The current across the capaciter=d, =C,X,

Let's write the state equation that relates the outpliage with the input
voltage and the state. Observe that the voltage atr@sssistor Ris just the
sum of the two capacitor voltages, i.et¥. Thus, apply KVL around the
outmost loop does the job:

Vo ==X =X TV,

Next, we need to derive the dynamics equation whicr\emla)_%J with the
X2

state vectoEle and the input. There are two loops that do not involge th
X2
output voltage — the one containing R; and G and the one containing, \C;
and R. KVL around the first loop gives
- isz =X tX
= _chsz =X tX

= XZ = %2R2 X _%2R2 X
KVL around the second loop gives



X (i, —i))R =V,
=X +(Cx -CX)R =V
=X +[C1X1 _Cz(%sz X _%ZRZ XZ)]Ri =V

= X1 = (%1R2 _%1R1)X1 _%1R2 X2 + %1R1Vi
Putting them altogether in the standard form:

GO 2

v,=(-1 - )(Xl}wi

X

4. (4 points) Given the following circuit
¥Q Y¥2H

w(t)

a. Define an appropriate state vector for the aborauiti
Since there are two memory-storage elements, #te gector is two-dimensional:
X1 = voltage the capacitor
X2 = current through the inductor
b. Write the output equation in the form gf=Cx + Dw.
The output is just the voltage across the capaaitioich is one of our states:

y=X

y=(1 0)()(1}

X

c. Write the dynamics equation in the formxf Ax+ Bw. Hint: Use KVL on the
two loops indicated in the drawing.
Applying KVL around the bigger loop: X, ==2X, =X, +2w
Applying KVL around the smaller loop: X, =-4x +X,
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