Homework 1, Linear Systems, Fall 2007

¢ When turn in your homework, please write down: iT %=t u|, ¥ &, &5 &, p i
» Assigned: 9/26/07, Due on 10/9/06
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For the following problems, please find the associated state-space

model. That is, find the matrices, A,B,C,D, in the equations:
x(t) = Ax(t)+ Bu(t)

y(t) = Cx(t) + Du(?).
1 (A RLRC circuit) 10 points/each
Consider Figure 1. Let 1 = i1, 22 = vo,u = v, and y = ve.
2 (A transistor circuit)
Consider Figure 2. Let x1 = 4, 2 = Vout, U = €5, ANA Yy = Vout.
3 (A parallel electrical circuit)
Consider Figure 3. Let z1 = i51, 20 = vo1,T3 = i12,La =
Voo, U = Vg, aNd Yy = veo.
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4 (A 2-tank system)
Consider Figure 4. Let 1 = hi,22 = ho,u = u, and y = @1,
where h; is the liquid level, @; is the flow, A; is the cross-
sectional area, R; is a resistance constant of Tank i. In this
case, the mass-continuity equation is applied, that is,

dhy  — _hi—hy

Al dt - Ry + U(t)
dho _ hi—hy  ho

A2 dt - R Ry’

and Q1 can be characterized as: Q1 = %.
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5 (A 3-tank system)
Consider Figure 5. Let z; = h;,u; = u;,t = 1,2,3, and y = ho,
and Ri = R>» = 1/2 and A1 = Az = (2/3)A2 and A, = 1.
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.

Fig. 4 0 Q9 Fig. 5

6 (A bicycle-rider system)
Consider Figure 6. Let 1 = r,x0 = y,x3 = V1,4 = VU2, U1 =
Uy, U2 = up, and y1 = yr,y2 = 6. Assume that the equations
of motion are discribed as follows.

ro= %V’u,q;
y = —Lvu,-Vr

6 + %Z?J + fulin, = w20 + fow3uy,

where
w2 —_ (mvhv+mhhh)g
_ (Iv+1h+mvh12)+mhhi)
fu _ [hh(Iv+Ih+mvh12;+mhh,2L)]
_ mphy,
fo - (mvhv+mhhh)
V= the forward speed
vi = y+ 0+ fuun)g/w?
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