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Problem 1:
The impulse response of an ideal lowpass filter is given by

sin2m(t —t,)

20(t -t,)
for all t, where @ and t, are constants. Is the ideal lowpass filter causal? Is it possible to build
the filter in the real world?

gt) =2w
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Problem 2:
Consider a multi-input, multi-output problem involving a satellite of mass m in earth orbit
specified by its position and velocity in polar coordinates, say
FO 0 60 60 90 O]
The input thrusts or forces are written as
bO w0 ol
and maybe applied by using small rocket engines. The equation of motion can then be
shown (by using Lagrangian equations) to be
r
ré*cos’ p+rg> —k/r’ +u, /m
0
—2¢0/ 1 +20psin g/ cos ¢+ (U, /m)rcose |’
¢
| -O%cosgsing—2tg/r+(u, /mr |
We shall define the output to be the position variables {r, 0, ¢}- A free (un-driven)
solution of these equation corresponds to the satellite being in a circular equatorial orbit,
%) =[r, 0 @t @ 0 0], u,(t)=0,wherethe radius r, and angular velocity o, are

X=f(x,u)=

such that rew? = k =a constant. However the satellite will deviate from this orbit

due to disturbance, and therefore it is of interest to consider the linearized equation about
the nominal equatorial orbit. Please exercise the linearization process and find the state
space representation.
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Problem 3:
Find an observable canonical form realization (in minimal order) from SISO continuous-time

system given below:

5t2yi(t) + (t =) y(t) + e y(t) = 2ui(t) + 2tu(t) —t°u(t).
Notice that gain blocks may be time dependent. Show the state space representation and its
corresponding simulation diagram.
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Problem 4:
Find a minimal observable canonical form realization (i.e., its simulation diagram and state space
representation) for the following MISO system described by

4 2
H(s)={ 25+3 SY +5S +23+2}

s®+4s? +55+2 s*+3s®+3s%+5s

Page 5



Problem 5:

Show that the two state space representations

C (21 1 P oo
x__0 ij{o}u, y=[2 2]
and
| ° 0} H =[2 0)x
X 1 X+, Uy [
are realizations of H(s) = % . Are they minimal realizations?
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