2.003 Spring 2002 Problem Set 8 - Solutions

Problem 1 - Palm 3.38

To start with we need to choose our state variables. In this case, energy is
stored in the inductor and the capacitor. Thus we would like to make them
our state variables, ie. 1 = i; and x5 = v. where v, is the voltage across the
capacitor. The four following equations can be found using voltage, current,
and component laws.

di .
v = leitl +Z3R
isR = v+ 3
11 = 19 +13
L Lo dt
Ve = —
c C 12

Now we need to put these equations in state form.

O
1dt = U 311 = U1 V2 Ve =11 (%) T2
v _ 2 i) = (- 2 = L - 222
i ¢ ¢TI e\ R R)TC\ """ R R

The outputs are expressed as

il = X1
. v x
s = (-33)
Thus A, B, C, and D are
A - 0 -1/L
-~ | 1/C -1/RC
B _ [ 1/L  —1/L
| 0 -1/RC
[ 1 0
¢ =1 —1/R]
[0 0
D=1 1/R]

Problem 2 - Palm 3.40 In this case our state variables are our outputs
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T1 = v1 = V1 and Xy = Vo = Veo. From the circuit,

ve = Riii+w
1
v1 = — [ iodt
1 Cl 2
V1 = Rgig + V2
1
vy = — [ idudt
2 02 4
Va2 = R3i5 + vy
i1 = g tig
13 = 14+15

Solving for dvy /dt and dvy/dt
dv1 1

ClE = i2=i1—i3=Rl(va—v1)—E(U1—U2)
dx Vg 1 1 T2
o/ R (. T2
Lt R, <R1+R2 g,
d 1 1
02% = 4 =13 — 15 = R2(01—U2)—E3(U2—Ub)
d.’l?g X1 1 1 Ty
o R S i)
2t Ry <32 +R3)x2+R3
Thus A, B, C, and D are
[ 1 (1 1 1
4 - | @ (RT + #) 01
LTET el
L C2R2 C42 RZ R3
-1
B — R101 ? :|
L 0 R3C>
(10
c =14 1]

D =0

Problem 3 - Palm 3.31

a) Roots =—7.1e3, —1.45e3 + 2.65¢e4i

b) z,s = 32107%, using dominant pole approximation (not really very good
here) 7 = 6.9210™%s, and t,, = 47 = 2.756210 35

)

Problem 4 - Palm 6.32

From the bode plot

wp ~ 2.59e4 rad/s
2.43e4 > wy < 2.72ed rad/s
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